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THE GREYLOCK SYNCLINORIUM.* 

T. Nblson Dale, Newport, R. I. 

The topogrj^phy of the NW. part of Massachusetts is marked 

by three main parallel mountain masses having the N. NE. trend 

common to the Appalachian system. The most westerly of these 

is the Taconic range, the crest of which divides the states of New 

York and Massachusetts; the most easterly, situated about ten 

miles east of the N. Y. line is Hoosac Mt. traversed by the Hoosac 

tunnel, while the central one is Mt. Greylock, the prevailing ro<ik 

^ of which, farther south, merges in that of the Taconic range. 

Mt. Greylock forms a topographical unit, measuring about 14 

miles in length and averaging about 5 in width, and consists 

mainly of one central and two lateral subordinate ridges with the 

same N. NE. trend. The ** saddle," from which it derives one of 

its ancient names, and which is a conspicuous object all through 

Berkshire county, is formed by a SW. bend in the central ridge 

between Greyloc^k summit proper (3505 feet above sea level) on 
the north and Saddle Ball (3300 ft.) on the south. These are 

about two miles apart, and the lowest part of the saddle is 2900 

ft. above sea level. 



♦Abstract of a report by T. Nelson Dale, Assistant Geologist U. S. G. 
§. to Raphael Pumpelly, Geologist in charge of the Archean Division, 
covering field work done by the writer in 1886-1888 assisted during a 
portion of the time by Wm. H. Hobbs. This abstract is published by 
permission of the Director of the U. S. Geol. Survey. The full report, 
amply Illustrated, and entitled **Mt. Greylock, its areal and structural 
geology," goes to make up, together with a monograph by Raphael 
Pumpelly and one by J. E. Wolff, a memoir on the Green mountains, 
now in course of publication by the Survey. 
1 
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Situated right in the midst of the Taconic region Mt. Greylock 
has been often alluded to during the last seventy years in the much 
debated «* Taconic Question." Professors C. Dewey, E. Emmons, 
E. Hitchcock and J. D. Dana are the principal authorities on the 
geology of the mountain. The general synclinal structure of the 
mass and also the fact that it consists mainly of certain schists 
underlaid by limestone are well known. Professor Dana has also 
conjectured the anticlinal structure of the hollow which separates 
two of its ridges. 

The following description is based upon the new 20 ft contour 
map made by the topographers of the U. S. Geological Survey, 
and upon extended and laborious geological explorations, and upon 
the careful microscopic study of lithological specimens by Mr. J. 
E. Wolff. The i^esults of modern topography, orograph}' and 
petrography have been brought to bear upon the subject. 

Structural, The rocks are all metamorphic and of few kinds: 
crystalline limestones and various schists, micaceous (sericitic) 
chloritic, albitic, pyritiferous, plumbaginous, calcareous. The 
key to the real structure of the mountain is in clearly distinguish- 
ing cleavage-foliation from stratification-foliation, the apparent dip 
and strike being generally entirel}'' misleading excepting at con- 
tacts and even there sometimes.* The phenomena of cleavage 
and stratification as they occur on Mt. Oreylock are illustrated b}' 
a number of typical cases which substantiate and illustrate the 
following structural principles: 

I. Lamination in schist or limestone may be either stratifica- 
tion-foliation or cleavage-foliation or both. In rare instances traces 
of false-bedding occur in the limestone. To establish conforma- 
bility the conformability of the stratification-foliations must be 
shown. The importance of this is manifest and it would seem too 
elementary a principle to be stated here were it not that at one 
locality where the limestone and schist are in apparently conform- 
able contact, their cleavage-foliations alone are conformable while 
the stratification-foliation of the schist is at right angles to that of 
the limestone owing to a fault. 

II. Stratification-foliation in the schist is indicated b}': ( a ) th# 
course of minute but visible plications; {h) the course of micro- 

*The more Important references to the subject of cleavage occur In 
the writings of Sedgwick, Phillips, Darwin, Sharpe, Sorby, Tyndall, 
Rogers, Kyerulf, Helm, Daubr^e, Jannettaz, Beusch, Bonney, Cadell and 
Ilarker. 



The Greylock Synclinorium. — Dale. 



SGopic plicatioDB) (c) the gen- 
eral course of the quartz lamiDce 
whenever they can be clearly 
dlsticguished from those which 
lie io the cleavage planes. 

III. Cleavage-foliation may 
consist of: (a) planes produced 
by or coincideat with the faulted 
limbs of the minute plications; 
(fi) planes of fracture resem- 
bling joints on a very minute 
scale with or without faulting of 
the plications; (c) a cleavage 
approncbing "slaty cleavage" 
in which the axes of all the par- 
ticles have assumed either the 
direction of the cleavage or one 
forminga very acute angld to it 
and where stratifi cation-foliation 
is no longer visible. 

IV. A secondary cleavage 
resembling a minut« jointing oc- 
curs in scattered localities. 

V. The degree and direction 
of the pitch of a fold are tndi- 

. cated by those of the axes of the 
minor plications on its sides. 

VI. The strike of the stra- 
tification and clea%'age-foliation8 
often differ in the same rock and 
are then regarded as indicating 
a pitching fold. 

VII. Such a correspondence 
exists between the etratification 
and cleavage-foliationB of the 
great folds and those of the 
minute plications that even verj~ 
small specimens properly orient- 
ed give in many cases the key to 
the structure over a lai^e part of 
the side of a great fold. * 
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•TliefuU report will contain rep^uctionsofphoiwrapha of slightly enlarged 
rock sections, and also skelclies and diaerams illuBtratliuc tliose principles. 
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On these structural principles thirteen complete and six partial 
sections have been constructed across the Grreylock mass. These 
show that it consists of a series of more or less open or com- 
pressed synclinals and anticlinals which, beginning at the north 
end ( North Adams ), increase southerly in number and altitude 
with the increasing width and altitude of the schist mass, and then, 
from a point about a mile and a half south of the summit, begin 
to widen out and diminish in number and hight until they finally 
pass into a few broad and low undulations. Mt. Greylock with its 
subordinate ridges is a synclinorium consisting in its broadest por- 
tion of ten or eleven synclinals alternating with as many anti- 
clinals. While the number of these minor synclinals at the surface 
is so considerable, in carrying the sections downwards they resolve 
themselves chiefly into two great synclinals with several lateral and 
smaller ones. The larger one forms the central crest of the mass, 
the smaller one east of it forms Ragged Mt. , the subordinate ridge 
on that side. The major central synclinal is so compressed near 
the highest part of the mountain and its axial plane is so inclined 
to the east, i. e. it dips to the west, that the strata which under- 
lie it have on its west side a westerly dip. Further south this 
synclinal opens out and all the relations become more normal. 
On either side of these two main synclinals the subordinate folds 
are more or less open and have their axial planes vertical or in- 
clined east or west. 

The accompanying figure 1, shows one of the more important 
of these cross sections. Section G, which passes about a mile north 
of the top. * That which crosses about a half mile south of the 
top, and through the Bald Mt. spur on the south side of the 
** Hopper," is even more complex in its western portion. 

There are long undulations in the axes of these synclinals as 
shown in several longitudinal sections. The side or edge of this 
great double trough is at the extreme north end of the mass and 
its southern about eight miles distant. South of these main 
troughs is another shallower pair. The same N. S. trough struc- 
ture prevails also through all the subordinate lateral folds. The 
deepest part of the synclinorium appears to be under the saddle 
between the two summits, Greylock and Saddle Ball. 

*In order to show the current conceptions of the topography and 
geology of Greylock the reader is referred to Dana's Manual of Geology, 
3d edit., 1880, p. 213 where Emmons' section of the mountain is re- 
produced. 
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Traversing the folds of this canoe-like complex synclinorium is 
a cleavage-foliation sometimes microscopically minute, dipping 
almost uniformly east This cleavage-foliation is generally dis- 
tinct from the ** slaty cleavage " early described by Sedgwick, 
Sharpe, and Sorby, and reproduced experimentally by Tyndall and 
Jannettaz ; but consists sometimes of a minute joint-like fracturing 
of the laminsB, but more generally of a faulting of the laminse as 
the result of their extreme plication — a mode of cleavage (aus- 
weichungs-clivage) so well described by Heim,* and recently re- 
produced in part by Cadell t b}' a slight modification of the exper- 
iments made by Alphonse Favre of Geneva in 18784 This fault 
cleavage, when carried to its extreme, results in a form of cleavage 
very nearly approaching, although not identical with * * slaty clea- 
vage. " To the unaided eye all traces of stratification-foliation are 
lost and even under the microscope they are so nearly lost as to be 
of little or no avail in determining the direction of the dip. I 

Lithological Stratigraphy, There are five more or less distinct 
horizons in the Grey lock mass. Beginning above: The Grey lock 
Schtsti: muscovite (sericite) chlorite and quartz schist, with or 
without biotite, albite, octahedral magnetite, tabular crystals of 
interleaved ilmenite and chlorite, ottrelite, microscopic rutile and 
tourmaline. Thickness 1200 to 2000 feet Part of Emmons' Pre- 
Cambrian or Lower Taconic No. 3, **Talco8e Slate." Walcott's 
Hudson River (Lower Silurian). 

The Bellows Pipe Limestone, (so named from its occurrence at the 
** Bellows Pipe" in the notch between Ragged Mt and Greylock): 
Limestone more or less crystalline, generally micaceous or pyri- 
tiferous, passing into a calcareous mica schist or a feldspathic 
quartzite or a fine grained gneiss with plagioclase and occasional 

*A. Heim. Mechanlsmus der Gebirgs bildung, im Anschluss an die 
Geologische Monographie der Toedl-Windgsellen Gruppe. Basel 
1878. 

f Henry M. Cadell. Experimental Researches on Mountain Building. 
Paper read before the Royal Society of Edinb., Feb. 20, 1888. 
Transac. Roy. Soc. Edinb. Vol. XXXV, part 7, p. 337, 357. Ab- 
stract in Nature, Vol. 37, p. 488. Mch. 23, 1888. Third series of 
experiments. 

tAlphonse Favre. The formation of Mountains. Nature, Vol. XIX, 
1878, p. 103. 

JSIaty cleavage results from the destruction of the small laminae by 
the breaking up of the sedimentary arrangement of the particles and 
changing the direction of the axes of all the particles. In this connec- 
tion see: Alfred Harker, The causes of Slaty Cleavage; compression v. 
shearing. Geological Magazine, London, 1885, p. 15, and also by the 
same author; On the Successive Stages of Slaty Cleavage. IIAd, p. 266. 
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grains of microcline, zircon. The more common minerals are 
graphite, pj'rite, albite, microscopic rutile and tourmaline; rarely 
galena and zinc blende. Thickness 600-700 feet. This horizon 
was entirely overlooked by £mmons, as his section happened to 
cross the mountain where this upper limestone is covered with drift. 
It belongs in his Lower Taconic No. 3, and in Walcott's Hudson 
River as do the Greylock Schists. 

The Berkshire Schists (so named from their prevalence through- 
out Berkshire county): In character like the Greylock schists, 
but more frequently calcareous especially towards the underlying 
limestone. Thickness 1000 to 2000 feet Also forming a part 
of Emmons* Pre-Cambrian or Lower Taconic No. 3, **Talcose 
Slate," and Mather's, Hall's, and Walcott's Hudson River (Lower 
Silurian). Considerable allowance should be made for thickening 
in consequence of plications in the estimates of the thickness of 
both the Berkshire schists and the Greylock schists. 

The Stockbridge Limestone, Limestone crystalline, in places a 
dolomite, quartzose or micaceous, more rarely feldspathic. Very 
rarely f osilif erous. Galena and zinc blende rare. Irregular masses 
of iron ore (limonite) associated sometimes with manganese ore 
(pysolusite) and with siderite, occasionally replaced to a small 
extent by quartzite. Thickness 1200 to 1400 feet Emmons' 
Pre-Cambrian Lower Taconic No. 2, (Stockbridge Limestone), 
Dana's Lower Silurian, Walcott's Trenton Calciferous and 
Chazy (Lower Silurian). From Mr. Foerste's and Mr. Wolff's re- 
cent discoveries in Vermont some of the lower part of this 
horizon may be Cambrian.* 

The Vermont Formation, Quartzite, cropping out in the Grey- 
lock area only once (See Section G. ) but possibly underlying the 
entire mass. Thickness 870 feet Emmons' Pre-Cambrian, 
Lower Taconic, I. Granular quartz, Dana's Cambrian, Walcott's, 
in part Lower Cambrian, * < Olenellus. " 

It should be noted that the maximum thickness estimated does 
not exceed the thickness usually attributed to the Lower Silurian 
in the Appalachian region. 

Areal Geology. The geological map of Greylock and the ad- 
jacent masses presents a great body of the schists of the horizon 
of the Berkshire schists almost surrounded by the underlying 

*J. Elliot Wolff, on the Lower Cambrian Age of the Stockbridge lime- 
stone, Bulletin of the Geological Society of America, Vol II, 1891. 
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Stockbridge limestone. The Berkshire schists send out tongues 
into the Stockbridge limestone area. There are also re>entering 
angles of limestone in the schist area corresponding to anticlinals. 
There are isolated schist areas which are more or less open s^^n- 
clinals and isolated limestone areas which are compressed anticlinals 
forced up through the overlying schists or truncated by erosions. 
Their relations are repeated between the upper limestone (Bellows 
Pipe limestone) and the Greylock schist. 

Relations of Oeology to Typography. The physically and chem- 
ically more resistant schists form the more elevated portions and 
the steeper slopes, while the broad valleys and gentle undulations 
about the mountain generally correspond to limestone areas. The 
upper limestone and calcareous schist constitute the benches of 
agricultural land high up on the sides of the mountain and < < the 
notch " so earl}' settled ; and to the presence of this rock also, 
together with a northerly pitch, is due the deep incision in the 
central crest between Saddle Ball and Bound Bocks. The N.-S. 
part of the Hopper cut was occasioned by the trend and up- 
turned edges of the calcareous belt A minor anticlinal occurs 
on the west side of this part of the Hopper. The deep E.~W. 
incisions on both sides of the mountain are the results of erosion 
crossing the strike, while the great spurs on the west side are 
portions of the original mass left by this erosion. The saddle be- 
tween Greylock summit and Saddle Ball is due to the central 
synclinal of the mass, and the saddle seen in the mass from Mt. 
Equinox on the N. N. W. is due to the great trough in the cen- 
tral synclinal. The center of this trough is the deepest part of 
the entire synclinorium. 

Newport, R. /., April 22, 1891, 



THE FUEL RESOURCES OF COLORADO. 

By A. Lakks. Golden, Col. 
RECENT DEVELOPMENT OF THE COAL FIELDS. 

Up to the past five or six years the comparatively small areas 
of coal discovered and developed within the reach of railroads, 
were confined to the narrow eastern and northeastern border of our 
mountains, and were monopolized by two or three companies, or 
leagued with two or three railroads. The markets were local also. 
Now, far greater and more important fields, with larger seams and 
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superior quality of coal have been discovered and partially devel- 
oped on the western slope of the Colorado range. There are now 
twenty companies at work where before there were but one or two, 
and these not merely on the old fields, but on the new. From a 
once local trade we have now come to supply man}' neighboring 
States as far east as the Missouri river. From nothing as a coal 
State, Colorado has leaped into the front ranks. 

EASTERN COAL AND THAT OP COLORADO COMPARED. 

It has been b}' no means easy to convince eastern men either of 
the qualit}' of Colorado coal, or of the area of its fields as com- 
pared with similar data of eastern states. They have long thought 
of our coals as ** lignites," little better than peat, owing to the 
fact that they were so dubbed b}*^ Haj'den in his report of 1873. 
This was true enough of the northern field about Boulder, but 
wholly unjust to the great bulk of our coal fields, which produce 
true bituminous coal — the same in quality and character as that of 
Pennsylvania. We have coals that not only produce good coke, 
equal, some of it to that of Connellsville, but even anthracite, 
limited in quantity, similar to that of the eastern states. This 
fact is emphasized by the leading coal expert and geologist ^of the 
eastern states, Dr. J. S. Newberry, of the Columbia School of 
Mines of New York, who says of our Colorado fields west of the 
range: 

^ ' Here we see sometimes eight to ten different seams in one 
section, reaching a united thickness of fort}' to fifty feet, of a 
quality which will compare with any known in the world. Owing 
to peculiar conditions this coal forms several varieties, each of 
which has its special uses. Here is anthracite, as hard and bright 
as any mined in eastern Pennsj^lvania ; semi-bituminous coals, 
similar to those of Blossburg and Cresson, but more compact and 
pleasanter to work, transport and use ; bituminous coal, yielding 
a coke as good as that of Connellsville, and open-burning furnace 
coals similar to the famous Briar Hill coal, of Ohio, and of equal 
value. These coals are of unusual purity, sometimes containing 
3 per cent, and rarel}' more than 5 per cent, of ash, with little sul- 
phur or phosphorus." 

Our fields belong geologically to the Cretaceous, but what old 
age and pressure have done for the eastern coals, has been accom- 
plished for ours by the heat of volcanic eruptions attendant upon 
mountain upheaval. 
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DISCOVERY OF THE COAL FIELDS. 

A glance at Mr. R C. Hiirs map in ** Hall's History of Color- 
ado," gives some idea of the great area occupied b}^ our coal 
fields, and their distribution in the state. And since formerl}- 
only that marked *' The Northern Colorado Field " was known and 
worked, it will appear how largely the knowledge of our coal re- 
sources has increased within the padt few years. This north- 
ern field developed at Marshall, Erie, Louisville and Golden was 
formerl}' the main supply of Denver and the mountain towns. 
Later the southern portion of the field was developed and worked 
from time to time at Franceville, near Colorado Springs. Excel- 
lent coal, too, was opened on the small isolated field near Canon 
City. But the most important discovery was made some j'^ears 
later in the Raton field, where the coal was found to be not only 
bituminous, but also capable of making very fair coke, a com- 
moditj' long desired by the smelters, who up to this time had to 
rely upon Pennsylvania. 

Later, a mine was opened at Crested Butte, across the range, 
which produced a fii*st-class coke, equal to that of Connellsville. 
Since this epoch of coke discover}', large areas of coking coal have 
been discovered in various parts of the state. 

In the same area a small field of excellent anthracite was dis- 
covered, covering a few hundred acres. Thus, in a very short 
time, our reputation as a so-called << lignite" bearing state had 
been raised to that of a first-class bituminous, coke and even an- 
thracite producing region. 

THE GRAND RIVER COAL FIELDS. 

The contest for a path to Utah between the Midland and the 
Rio Grande railways led to the discovery and development of still 
another new field, along the banks of the Roaring Fork and Grand 
river, even richer than the rest, in the varieties and great thick- 
ness and number of seams of bituminous, domestic, coking, and 
anthracite coals. The coking coals were developed by the Marion 
mines, near Cardiff, and the coke found to be as good as Connells- 
ville. The great, thick and numerous seams of bituminous and 
domestic coal were, and still are being developed all along the 
great Hogback, from Glenwood to Meeker, a distance of forty 
miles. Thus began the development of the great Grand River 
field, which for area, variety and excellence of its coal is the 
most important field of the future in Colorado. As yet its out- 
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skirts only have been touched, and there is a vast area for future 
enterprise, whilst north and beyond it is 3'et another large and un- 
touched field known as the Yampa. 

The coal of this Grand River field has a further importance from 
its close proximity to the greatest iron deposits so far discovered 
in Colorado, such as those of the Iron King, at White Pine, about 
thirty miles from Gunnisou City, and the Cumberland iron mine, 
in Pitkin county, also within fair distance of this great coal field. 

SOUTHWESTERN OR LA PLATA FIELD. 

Meanwhile in southwestern Colorado the Rio Grande railway 
had entered and discovered another large field, covering thousands 
of square miles, and extending from Colorado into New Mexico 
and Arizona, known as the La Plata field. Here is an immense 
amount of coal in bodies from sevent}'^ feet down to five feet in 
thickness ; yet over this great area the development is restricted 
to four or five small mines, one at Monero, another at Florida, 
and three or four about Durango, doing a very local trade. This 
small development is due to the possession of much ' of the field 
by the Ute Indians, and to the fact that but one railroad pene- 
trates the region. The coal is bituminous, and over certain areas 
makes fine coke. 

Besides these large fields, there are several smaller isolated ones, 
such as one in North Park, with thick seams of lignitic coal, an- 
other in South Park, for some years developed by the Union Pacific, 
and another undeveloped field on <* Tongue Mesa," near Montrose. 

NORTHERN COLORADO COAL FIELD. 

This field extends north from Boulder into the Laramie plains 
of Wj'oming, and south to Colorado Springs. Its approximate 
eastern boundary is a line drawn north and south some forty miles 
east of the mountains. This field has long been developed in 
Boulder county by the Marshall, Erie and Louisville mines, also 
by mines at Golden and Ralston. Marshall is one of the oldest 
mines in the state, having been worked for at least twenty years. 
By a series of faults, accompanied by erosion, the coal has locally 
been brought near to the surface at a gentle dip of 5 degrees. The 
principal seam is six to eight feet thick. The coal is a good, 
pure, high-class lignitic coal, not coking, but well adapted to all 
purposes where extraordinary heat is not required. A large area 
has been worked out, a good deal burnt out by spontaneous com- 
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bustion, and an unknown amount presumably left The develop- 
ment is sometimes impeded by the faults which cut off the contin- 
uity of a seam. 

The following is an analysis of Marshall coal : 

Per Cent. 

Water 10.73 

Volatile 44. 1 1 

Fixed carbon 38.38 

Ash 6. 1 1 

The area of the Colorado portion of the northern field is esti- 
mated by Hills at 6,800 square miles, the accessible portion at 405 
square miles, and the available coal at 2,568,600,000 tons. 

From Franceville, for about thirty miles south, there are no de- 
velopments until we reach Canon City, on the south bank of the 
Arkansas river where is a small isolated field, twelve miles long 
by two miles broad, carrying a seam four to five feet wide of non- 
coking bituminous coal, which has long been a favorite fuel from 
its high calorific power and general purity. The gentle dip of the 
strata admits extensive development There are three or more 
companies developing this small field at present. 

THE SOUTHWJESTERN FIELD. 

From the Arkansas river to the Huerfano river, a distance of 
fifty miles, another barren space, and then we meet the northern 
extremity of the great Raton plateau and Raton coal fields. Some 
of this coal has been burnt, or changed into natural, but worthless 
coke by volcanic dykes with which the region abounds. As a 
whole, however, it represents an enormous amount of bituminous, 
domestic and coking coal. The cause of this change from a lig- 
nitic to a bituminous and coking character may be found in the 
great volcanic manifestations of this area. 

The following analysis of Al Moro coal gives : 

Per Cent. 

Water 0.54 

Volatile matter 30.29 

Fixed carbon 54.43 

Ash 14.74 

Total 100.00 

Hills estimates the available area of this field in Colorado at 
473 square miles, and the available coal at 4,490,200,000 tons. 
In former years there were but two companies working in this 
great field, now there are a dozen. 

From the fields of the eastern slope we turn to those on the 
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west slope of our mountains. We cross the Sangre de Cristo 
range, the broad San Luis park and the Conejos range, seeing no 
coal for over 100 miles. From the Conejos range we look down 
on a I'egion of endless plateaus, representing the La Plata coal 
fields. Over this large area there is, as we have stated, but half 
a dozen small mines. One body of coal on the Animas river, be- 
low Durango, is seventy feet thick, caused by the running together 
of several seams. It is developed at the Carbonero and La Plata 
mines. The great body is traceable for several miles along the 
** hog-backs " by a valley caused b}' the washing out of the softer 
coal. The individual seams composing this mammoth body can 
be worked individually to advantage, but worked collectively the 
result would be a high per cent, of ash from the admixture of 
shale ** partings." Close to the town of Durango a scam five feet 
thick, of excellent quality, is worked by the San Juan and Porter 
mines. The coal of all these seams makes very good coke, but the 
market of it is at present local. The drawbacks to this coal field 
are its distance from the main central market, the presence of onl}' 
one line of railroad, and the proximity of the Ute reservation. 
When some of these obstacles are removed there is a good future 
for the region. 

An analysis of the smaller seams is : 

Percent. 

Water 0.63 

Volatile matter 34.70 

Fixed carbon 57.30 

Ash 7.37 

Total 100.00 

And for the larger seams : 

Percent. 

Water 1.30 

Volatile matter 39.70 

Fixed carbon 54.78 

Ash 4.22 

Total 100.00 

' Hills estimates the Colorado portion of this field 1,250 square 
miles, the available portion at 300 square miles, the available coal 
at 3,387,200,000 tons. 

FIELDS OF NORTHWESTERN COLORADO. 

From Ouray we go northeast to Crested Butte. Here is a small 
portion of the Grand River field isolated by a circle of volcanic 
mountains, forming the Elk range. The heat from these volcanic 
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sources has altered the coal into several varieties. We have bitu- 
minous, coking, semi-anthracite and true anthracite, the alteration 
being more or less great, according to distance from volcanic heat. 
The anthracite portion is limited to an area of about 500 acres ; 
the seam is six feet thick and yields an anthracite as hard and 
lustrous as that of Pennsylvania. Its analysis is : 

Per Cent. 

Water 1.50 

Volatile matter 5.93 

Fixed carbon 88.76 

Ash 3.75 

Total 100.00 

This mine is at present the main anthracite supply of Colorado. 
An old analysis of the Crested Butte coal gives : 

Per Cent. 

Water 1.94 

Votallte matter 38. 18 

Fixed carbon 56.80 

Ash 3.08 

Total 100.00 

Coke from this coal now analyzes as follows : 

Per Cent. 

Water 05 

Volatile matter 1. 15 

Fixed carbon 89.12 

Ash 9.62 

This coke is not so strongly coherent as that of Trinidad, but in 
other respects is better. 

At Crested Butte we leave the railroad and take horses and a 
camping outfit to explore the untouched areas of Grand River field. 
The boundaries of this field, as marked out by Hills, are as fol- 
lows : It lies on the drainage of the Grand river and its tribu- 
taries in Pitkin, Garfield and Mesa counties, and a detached por- 
tion of it on White and Yampa rivers. 

The coal of the southern end, beginning from Crested Butte, is 
traceable around mount Carbon to the Baldwin mines, thence west 
to Gunnison mountain, where, on Coal creek, are large seams of 
semi-coking and coking coal, with some anthracite. From mount 
Gunnison we follow the coal outcrop across the north fork of the 
Gunnison around Grand Mesa to H<^back canon on the Grand 
river, where sixteen miles above Grand Junction seams of domes- 
tic bituminous coal six to eight feet thick, appear on the sides of 
the canon. Thence to the Utah line along the Little Book cliffs 
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to Green river and beyond, the coal probably underlying a large 
tract of country east of the Wahsatch mountains. 

Along the opposite margin coal is traceable west from Crested 
Butte, along the anthracite range and the south base of the Ragged 
mountains, down Crystal river to Coal Basin. Along the anthra- 
cite range and flanks of the B^ged mountains are local patches 
of very fine anthracite, but somewhat broken up, detached and 
difficult of access. 

From New Castle the coal follows the course of the Great Hog- 
back to Meeker, a distance of forty miles. Thence it bends in a 
curve in a northerly direction towards Yampa river, and appears 
again on White river, below the mouth of Piceance creek. After 
this it follows the Uintah range into Utah and Grand river. 

In the coal basin at Jerome Park, and at the Marion and Sun- 
shine mines near Cardiff, on the Eoaring Fork, which lie around 
such eruptive centers as Mount Sopris and the Elk range, the coal 
is largely coking, producing a coke of great purity, at times equal 
to that of Connellsville. Hills estimates the coking area of this 
district at 353 square miles. 

On the cliff face of the Great Hogback, 1,000 feet above the 
Grand river, we see exposed a great number of seams varying in 
thickness from twenty-two feet near the base, to ten and five feet 
near the summit The coal along this hogback is first class bitu- 
minous domestic coal, not coking, but freer from soot than those 
of a coking nature. 

On the field around Meeker, owing to the absence of railroads, 
and the distance from markets, little development has been done. 
The coal appears like that at New Castle. 

WHERE ANTHRACITE IS POUND. 

This Grand River field produces many good varieties of coal, 
the bulk of it being domestic and not coking. The anthracite 
area, so far as at present known, is in Colorado, confined to nar- 
row areas along the Anthracite range, the fiank of the great vol- 
canic mountains, such as mount Marcellina and the Ragged 
mountains, and the small mesa at Crested Butte and the southern 
flanks of mount Gunnison, together with an undefined area in the 
Yampa field. Some of this so-called anthracite is more strictl}' 
semi-anthracite, excellent coal, but variable in thickness and 
quantity, and liable to have been broken up by the volcanic sheets 
which anthracised the coal. The largest and most promising an- 
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thracitc area is one I saw this summer on the southwest base of 
Mount Gunnison, where a continuous seam, ten feet thick, over- 
laid by a sheet of volcanic rock, appears to underlie a consider- 
able area, i. e. , if we assume it to be co-extensive with the out- 
crop of the volcanic sheet In the same vicinit}^ were some of the 
f nest seams of domestic coal I have yet seen in Colorado. They 
are some five or six in number, and vary from six to twelve feet 
in thickness, and lie at intervals one above another in the same 
section. There appears also to be an area of coking coal on the 
same propert3^ The bulk of the coal area so far developed has 
been along the outskirts of the field. The center of the field is 
buried beneath the mountain plateaux of 5,000 to 10,000 feet 
thickness, of newer Tertiary strata. On the cliffs of these plateaux, 
instead of coal we see long black lines of asphaltum, with shale 
saturated with hydrocarbons to such a degree that they ignite with 
a match. From the latter, petroleum could doubtless be extracted 
and manufactured in the same manner as it used to be in the East- 
ern states before the great flowing oil, wells were discovered. 

NATURAL GAS. 

It was in this same region and set of strata that this summer I 
saw the first genuine and promising gas springs of any power or 
consequence so far discovered in the state. The locality was 
thirty miles west of Meeker, on the White river, near its junction 
with the Piceance creek. There I saw on the edge of a great hol- 
low basin that had been excavated by erosion out of a broad anti- 
clinal or arched table-land, two powerful springs which had been 
exploited to a depth of 500 feet During the work, one of the 
springs caught fire, and a column of flame, sixty feet in hight and 
twelve feet in diameter, shot up into the heavens, illuminating 
the surrounding country for many miles, till it gradually subsided 
owing to the pressure of water, after destroying the machinery, 
severely burning the operator, and calcining the ground for several 
yards around the orifice. The site of this spring is at present oc- 
cupied by a pond, up through which several jets of gas bubble 
fiercel}". 

The other spring, a few hundred yards distant, was also ex- 
ploited to some depth, and, owing to business matters, abandoned 
and the tubing drawn out This spring I also found surrounded 
by a circular pond twelve feet in diameter. Here the water was 
in a seething, violent state of agitation, churning round and 
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round the central orifice, from which great bubbles of gas arose, 
elevating the surface of the water a foot or more above its level, 
reminding one very much of certain stages in a gej-ser eruption. 
A strong petroleum smell was emitted. We ignited the gas from 
a safe distance and a column of flame sending out an intense heat, 
covered the entire surface of the pond and rose to a hight of 
about six feet above it. We watched it for a while and left it still 
burning. It is evident there are large bodies of gas in this region, 
as shown by the two wells, which have been pouring forth vol- 
umes of their incense for over a j'ear to waste on the sage brush 
desert 

Again about two miles from this up the course of the Piceance 
creek we found an alkali pond with numerous gas jets bubbling 
up, which ignited with a match and burnt for a few seconds until 
overcome by water. Professor Sadtler tells me that a well has been 
discovered on Bussard creek, twenty-five miles air line southwest 
from Glenwood and about the same distance west from Aspen, 
which, on digging, poured forth such volumes of gas that the 
workmen were unable to continue. It is evident that there are 
large bodies of gas in this region, as shown by the wells which I 
have described. It is certain, then, that natural gas exists in 
Colorado. 

What might be done with this if it were within reach of some 
large city like Denver ? What manufactories of glass and other 
works might be run by this cheapest and purest of fuels ? Not to 
mention the illumination of our streets. If the mountain wont go 
to Mahomet, Mahomet must go to the mountain ; and it may be 
that commercial men may see the wisdom of establishing their 
manufactories within reasonable distance of these powerful springs. 

PETROLEUM. 

There is a close chemical relation between natural gas, asphalt 
and petroleum. They are all hydro-carbons, and are convertible 
into one another, hence, where one of these substances is found, 
it is not unlikely to find the others, so there is a reasonable pros- 
pect that this White River region, abounding in its natural gas 
and asphaltum, may some day be found to produce petroleum also. 
At present our oil production is confined to the small field at 
Florence in the vicinity of Canon City. 

THE FLORENCE OIL FIELD. 

Oil was discovered first in Fremont county on Oil or Four-mile 
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creek, four miles east of Canon City, where it makes its appear- 
ance on the surface of the water of the creek. Rumor has it that 
it was known for years to the Indians, who used it for medicinal 
purposes. . In 1861 Mr. A. M. Cassidy, who was the pioneer in 
the development of oil in Colorado, erected a small still on the 
bank of this creek, sank five or six wells in the neighborhood, 
getting from the entire development about three barrels of crude 
oil a day, which he refined and sold in Canon City, Pueblo and 
Denver, at prices ranging from $1 to $5 per gallon. From this 
small beginning the present industry has evolved. 

This field now supplies every gallon of refined oil used west of 
the Kansas and Nebraska line, including all states and territories 
to the Pacific coast. 

The present total consumption of refined oil in the territory 
tributary to the Florence oil fields is 4,500,000 gallons per an- 
num, representing in value to the producers about $300,000. 

There have been in all about sixty-five wells drilled in this field, 
with a record of about forty-five producers. Of these there are 
now about twenty-five wells being pumped. The remaining twenty 
have gone dry. The average production per day of these wells is 
forty barrels, or a total of 1,000 barrels daily. 

The territory is what is called an uncertain one ; there is no 
guide by which producers can be governed. Oil has been found 
in depths from 1,000 to 1,800 feet. The drilling has developed 
the fact that there is a body of shale 3,000 feet thick at least. 

Seven miles northwest of Florence, on Oil creek, and back of 
the penitentiary at Canon City, ten miles west and north of Flor- 
ence, the outcrop shows oil-bearing sandrock. This sandrock is 
the supposed original oil receptacle from which the oil has, by 
pressure, been forced up into the shale above. 

The character of the drilling is fairly good, the shale being soft 
and easily penetrated, but owing to frequent caving, necessitates a 
knowledge of the territory by the drillers. 

The character of the oil is what is termed a heavy petroleum, of 
a greenish cast of color, and weighing about 32 degrees. The 
amouirt of illuminating oil produced from the crude is 33^ per 
cent The residual or refuse oil is used for lubricating and fuel. 

The life of the wells is about two 3'ears. The territorj' marked 
out and supposed to be oil bearing, is about sixty thousand acres. 

Evidences of the existence of oil are to be found in Conejos, 
Archuleta, Rio Blanco, and Routt counties. 
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It oozes from the rocks near Morrison, and signs of it are said 
to have been found at Littleton, and nine miles north of Denver. 
None of these fields, however, have been sufficiently developed to 
establish their commercial value. 

The oil business of the State of Colorado may in time be equal 
in importance to our State, that it is to the States of Pennsylvania 
and Ohio. There are undoubtedly undiscovered fields in the va- 
rious portions of the state that in time will become available. 

SUMMARY AND CONCLUSIONS. 

From what we have said we conclude that as regards coal wo 
have inexhaustible fields of it on both sides of the range. 

That the fields on the western slope are the largest and most 
important in quantity and quality. 

That the northeastern field on the northeast side of the range 
carries an excellent ordinary and cheap fuel in its non-coking lig- 
nitic coal. 

That the *»lignitic" type of coal constitutes only a small frac- 
tion of our coals, the bulk throughout the state being bituminous. 

That the southeastern or Raton field, from Canon City to Trini- 
dad, carries a bituminous coal, one-half the area being coking, the 
remainder domestic. 

That the southwestern or La Plata field across the range, is of 
much the same character, producing both domestic, bituminous 
and coking coal. 

That the northwestern or great Grand River field bears the great- 
est varieties of coal-^bituminous, coking, some anthracite, the 
bulk of it being domestic non-coking coal. 

That there are still large areas of coal fields but little explored 
or developed. 

That the bulk of our coal is a first-class bituminous domestic 
coal. 

That there are considerable areas of coking coal, producing coke 
equal to Councils ville, Pa. 

That the areas of anthracite are limited. 

That we have abundance of excellent coal of various kinds, 
easily accessible and easily worked, and thus of necessit}', fuel in 
Colorado is cheap. 

That the total area of Colorado coal fields is 18,100 square 
miles. 

That our coals are the equal in quantit}- and quality to those of 
any State in the Union. 
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That we stand fifth at present in the rank of coal-producing 
States, and that there is a greater future before us. That our coal 
resources are inexhaustible and will outlive our precious metal re- 
sources. 

That as regards Natural Gas we have indications of it in sev- 
eral parts of the state, but at present the only localities where it 
appears to be in commercial quantities, are on White river and 
Buzzard creek in the northwestern district of Colorado. 

That as regards Petroleum there are also indications of it in sev- 
eral parts of the state, but the only productive field is at present 
located near Canon City, and that the prospects of our industry 
in this commodity are quite as promising as were those of the 
early days of Pennsylvania and Ohio. 



PLEISTOCENE OF THE WINNIPEG BASIN. ' 

By J. B. Ttbbsll. M. A..Ottawa, of the Canadian Greoloffical Snrvey. * 
During the past two summers the writer has been engaged in 
examining the shores of lakes Winnipeg, Winnipegosis and Mani- 
toba, and at the present time when so much interest id being taken 
in the occurrence of former glacial lakes, a few notes on the 
Pleistocene beds of the Winnipeg basin may not be entirely out of 
place, in advance of a more detailed report to the Canadian Geolog- 
ical Surve3\ 

The basin of lake Winnipeg itself lies along the western face of 
the Archaean continental nucleus, the eastern shore being com- 
posed of gneiss, granite, altered quartz-porphyry, micaceous and 
hornblende schist, cericite schist, &c. , while the salient points of 
its western shore are chiefly composed of limestone, ranging from 
the age of the Trenton to that of the Hudson River or Niagara. 
Beneath the Trenton limestone is a thickness of one hundred or 
more feet of soft and almost incoherent Chazv sandstone, and it is 
from the area formerly covered by this sandstone that a con- 
siderable portion of the bed of the lake would appear to have been 
excavated. Between the salient limestone points, the west shore 
is chiefly formed of drift deposits. 

Lake Winnipegosis has a somewhat similar character, the more 
northern portion of its east shore being composed of low lying 
Silurian dolomite dipping slightly towards the lake, while the west 
shore is composed of drift or occasional cliflfs of Devonian lime- 
stone. 

*(PabIlsbed wrltb tbe permission of the Director.) 
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Lake Manitoba is almost entirely enclosed by drift deposits. 

From the western side of these two latter lakes a gently 
rising plain reaches to the foot of the Hiding, Duck, and Porcu- 
pine mountains. 

South of the area of the lakes a plain, generally thickly covered 
with alluvium, stretches into Minnesota aAd Dakota. 

The escarpment of the Pembina, Hiding, Duck, Porcupine, etc. , 
mountains may be conveniently designated the << Manitoba escarp- 
ment," and the beds of which it is composed are, as far as is at 
present known, of Cretaceous age. At the close of the Cretaceous 
Period these beds, which now rise in places to a hight of 1,700 or 
1,800 feet above lake Winnipeg, must have extended a long dis- 
tance farther east, but with the advent of the Teitiary Epoch, a 
period of elevation and denudation set in and continued without 
intermission to the close of the Pliocene. During this period the 
great north and south valley was formed, on the western side of 
which now rises the Manitoba escarpment, together with the 
afferent valleys of the Valley, Swan and the Red Deer rivers. 

The history of this region during the first Glacial period is not 
at all clear, but the second Glacial period furnishes us with an 
abundant record, from which its story may be easily read. 

Let us examine separately, but briefly, the different pages of 
this record, beginning with that on 

Striation. 

At the north end of lake Winnipeg the glaciation averages S. 
2° W. , or nearly parallel to the shore, from William river to the 
mouth of the Saskatchewan. On Cedar lake, on its eastern side, 
the striation is 8. 18^ W., making straight for the ridge north of 
lake Winnipegosis, while on its western side, near the mouth of 
the Saskatchewan, the glacial striae bear S. 39^ W. On lake 
Winnipegosis the striae at its northeastern angle bear S. 23° W. , 
while a little farther down the east shore they have turned to S. 
9*^ W. Around the south end of the same lake they bear S. 2'^- 
13^ E. ; in Dawson Bay S. 42^-58® W. ; in Swan lake S. 4H°- 
53° W. ; in Red Deer river S. 68°-78° W. These three latter 
courses show a set of the glacier towards the great valleys of the 
Swan and Red Deer rivers ; while those on the south and east 
sides of lake Winnipegosis indicate a movement parallel to the face 
of the e8cai*pment. 

In the northwestern arm of lake Manitoba the striae are bear- 
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ing southward, while on the eastern side of the lake, near Steep 
Rock point, their direction is S. 8^-13^ E. The granite islands in 
lake St Martin are well striated in a direction S. 33° E. These 
observations all show that the glacier moved southward in the 
great Winnipeg valle}', the direction of movement being clearly 
proved by the characters of many of the exposed and striated rock- 
surfaces. 

On the east side of lake Winnipeg, the general direction of 
glaciation has already been recorded by Dr. Bell as trending more 
or less directly out into the lake. Some instances of the occur- 
rence of two sets of strise have however lately been observed that 
would appear to indicate an earlier glacial movement more nearly 
parallel to the shore, though the earlier strise have been almost 
entirely obliterated by the later. 

On Swampy island the general direction of striation is S. 52° 
W. , while another set of strise was found to occur under a mass 
of pebbles and boulders bearing S. 13° E. Mr. Panton has already 
recorded strise running in a similar direction on Black Bear island 
forty miles further south. * 

In lake Winnipegosls, where many strise have been obser^-ed, 
the islands and points of till and boulders lie in the direction of 
glaciation, and applying the same rule to the palseozoic area of 
lake Winnepeg, where much of the country has not yet been ex- 
amined, the direction of glacier motion is seen to swing southward 
from the east shore, till at the mouth of the St Martin (Little 
Saskatchewan) and Fisher rivers it would appear to have been 
about due south. 

South of the lacustral area in Manitoba, strise have been re- 
corded by Messrs. Panton* and Upham from Stonewall, Stony 
mountain and Little Stony mountain bearing S. 20°^-25° E., ' 
and on the Assiniboine river in Sec. 23, Tp. 9, R. 10, strise were 
lately observed by the writer on the surface of Niobrara marlite 
bearing S. 38° E. Farther south, within the United States, strise 
made by a continuation of the same great glacier have been re- 
corded by Pres. T. C. Chamberlin down to the northern boundary 

* Notes on the Geology of some islands in lake Winnipeg by J. 
Hoyles Panton, M. A., Hist, and Sci. Sec. Man. Trans. 20, 1886, p. 6. 

2 Gleanings from Outcrops of Silurian Strata in the Redriver valley 
\^ J. Hoyles Panton, M. A., Man. Hist, and Sci. Soc. Trans. 15, 1884, 
p. 7. 

° Report of Exploration of the Glacial lake Agassiz in Manitoba by 
Warren Upham. Can. Geol. Surv. Ann. Rep. Vol. IV, part E, p. 115. 
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of Minnesota, beyond which, in the vicinity of Des Moines, Iowa, 
was found the outermost terminal moraine of the glacier. ^ 

These numerous observations of distinct and characteristic 
glacial striae clearly show that a great glacier, or lobe of the 
Laurentide glacier, which for convenience may be called the Man- 
itoba glacial lobe, or glacier, moved south-southeastward across 
the lacustral plains of Manitoba, along the valley of Bed river to 
the hight of land, and onward to near Des Moines, Iowa, send- 
ing off branches up the valleys of Swan and Red Deer rivers. The 
total length of the Manitoba glacial lobe, therefore, from the 
north end of lake Winnipeg to its extreme southern limit in Iowa 
would be about 850 miles. 

Moraines. 

The highest moraines at present known in northern Manitoba 
are those capping the summits of portions of the Duck and 
Hiding mountains with altitudes of 2,500, 2,700 feet above the 
sea, or 1,800 to 2,000 feet above the surface of lake Winnipeg. 
A good example of this moraine is seen on the northeastern por- 
tion of Duck mountain, where it forms a barren, rugged district 
with conical hills often rising to a hight of 200 feet. These hills 
are composed entirely of drift so thickly studded with Archaean 
boulders, that their crests have much the appearance of the 
rounded knobs of granite and gneiss east of lake Winnipeg, the 
likeness being made more striking by a thin and stunted growth 
of pine. When the writer passed over this region he had been 
preceded a year or two before by a forest fire, which had burnt 
over most of the hills and left them strewn with blackened 
sticks about the size of fence rails, lying irregularly over the mass 
of boulders. Very few deciduous plants had grown up to cover 
the surface, and there was nothing to veil the absolute desolation 
of the scene. 

No definite and well marked moraine has been traced along the 
face of the Manitoba escarpment below those just mentioned, but 
distinct moraines occur at elevations of about 1,300 and 1,500 
feet respectively in the valleys of the Swan and Valley rivers, 
which may represent the terminal moraines of subsidiary lobes of 
the Manitoba glacier. 

For a long distance eastward from the escarpment no morainic 
hills are known, but it is not impossible that they may exist fti 

1 Terminal Moraine of the Second Glacial Epoch, by Thomas C. 
Chamberlin, 3d Ann. Rep. U. S. Geol. Surv. map, opp. p. 382. 



Pleistocene of the Winnipeg Basin. — Tyrrell. 23 

places, for most of the country between lakes Manitoba and Win- 
nipegosis and lake Winnipeg is yet entirely unexplored. How- 
ever at man}'' places on the shores of lake Manitoba, especially^ 
towards its northern end, and on the shores and islands of lake 
Winnipegosis south of Birch island transported boulders are scat- 
tered in great abundance, or heaped in high boulder-walls. The 
north side of the high and even ridge between lake Winnipegosis 
and Cedar lake, and the south shore of this latter lake, are also 
composed to a considerable extent of erratics. It is not improb- 
able, therefore, that these boulder-strewn tracks may represent 
periods of cessation in the retreat of the glacier, but the morainic 
debris was dropped into lake Agassiz, and scattered more or less 
thickly over its floor. 

On the shores and islands of lake Winnipeg a distinct moraine 
has just been recognized. It forms the high land on the eastern 
side of the lake between the mouth of Brokenhead river and Elk 
island ; crosses Black island near its northeastern extremity as an 
irregular, knolly ridge with a summit one hundred feet above the 
water ; thence skirts the eastern margin of the lake, touching it in 
places, and was again recognized at Plunkett and Swampy islands, 
being there composed of an aggregation of boulders of Trenton 
and Archaean rocks. Many of the islands to the south of these 
two last mentioned are also probabl}' morainic, but they have 
not yet been examined. 

North of Swampy island this moraine has not been followed, 
and as it was doubtless deposited in a considerable depth of water, 
the material falling from the face of the glacier was pix)bably 
scattered over a considerably area. It is possible, however, that 
George's island may be formed by it, and Eagle island, near the 
northwest extremity of the lake, is clearly morainic. 

Shore Lines. 

Ancient shore lines occur throughout the district from a hight 
of 1,440 feet above the sea on north Pine creek on the east face 
of the Duck mountain to about 750 feet above the sea around the 
mai'gin of lake Winnip^. In their southern extension, these 
ridges have already been described and classified by Mr. Warren 
Upham in his description of lake Agassiz. 

In the lacustral region they have been followed by the writer 
most continuously along the face of the Duck mountain where 
they form long, unbroken ridges of gravel or sand from fif t}- to one 
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hundred and fifty feet in width. The pebbles in the gravel are 
nowhere large, not having been met with as large as a hen's egg, 
and on the face of the Duck mountain they are beautifully assorted, 
becoming finer as the ridges are followed north from Valley' river. 
At Drifting river they are about as large as pigeons' eggs, at 
Fork river about as large as peas. At Duck river the ridges are 
composed of sand. This gradual diminution of the size of the 
pebbles was traced especially in the ridges that at the Valle}' river 
have elevations of 1,135 and 1,084 feet respectively. Farther 
north, along the face of the Porcupine mountains, the ridges 
wherever examined were composed of sand and fine gravel. 

Between the Manitoba escarpment and the lakes ancient beaches 
have been found in but few places, and in some of these they ap- 
peared to be discontinuous while in others they were not followed. 
At one of these places on Pine creek a well-defined ridge of gravel 
is determined by the old location of the Canadian Pacific Railway 
to have an elevation of 960 feet None of the beach ridges, 
however, arc stronger than those around the adjoining lakes at the 
present day, and some spits and bars on the shores of these lakes 
are much larger than any of those seen around the basin of the 
extended glacial lakes. 

One of the most interesting monuments of ancient shore phe- 
nomina in the whole district is Kettle hill, on the south side of 
Swan lake. This lake has an estimated elevation of twenty-seven 
feet above lake Winnipegosis or 855 feet above the sea, and the 
hill which appears to have been largely composed of Dakota 
sandstone rises 275 feet above it On the face of this hill are 
five distinct terraces representing six different shore lines at eleva- 
tions of 920, 955, 995, 1,015, 1,070 feet above the sea, those at 
955, 995 and 1,070 being most strongly marked, the last being 
the most distinct. 

On the north side of lake Winnipegosis the eastern Mossy 
portage is a gravel ridge rising at its extreme summit 93 feet 
above the surface of that lake, or 921 feet above the sea. Just to 
the southward, the north shore of the lake rises to the top of the 
poitage bj' three distinct steps 27, 63 and 93 feet in hight The 
last is the summit of the portage ridge, and the first is the summit 
of another well marked gravel ridge behind which is occasional!}* 
a trough ten feet deep, marking a shore line about 15 feet above 
the present hight of the lake, or 843 above the sea. This shore 
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ine is also well seen at Point Brabant and other places along 
the east side of the lake. When the water stood at this level lakes 
Manitoba and Winnipegosis were joined across the Meadow port- 
age, and the beach is therefore to be looked for around the former 
lake. It is probably represented by the ridge in the grove behind 
Manitoba House, though the exact hight of this ridge was not 
determined. On the line of the tramway at the Grand rapids on 
the Saskatchewan river four well defined ridges of rounded gravel 
occur at the hight of 140, 95, 90 and 80 feet above lake Winni- 
peg or 850, 805, 800 and 790 feet above the sea. 

At Ox Head, near the northeastern extremity of Black island, an 
ancient beach is very conspicuous at about fort}* feet above the water. 
On the south side of the island the beach is marked by a line of 
sand dunes, and on the north side a sandy terrace rises gently to 
a hight of forty feet and ends abruptly at the foot of a steep slope 
thickly strewn with boulders. On ascending this slope the land 
is found to rise to a hight of 100 feet above the lake and its sum- 
mit to consist of an irregular aggregation of knolls thickly strewn 
with lai^e boulders of gneiss, very few or none being derived from 
the immediately adjoining and underlying Keewatin schists. This 
ridge is the summit of the Black island moraine which would seem 
to have been dropped here when the higher parts of the island 
were above the surface of lake Agassiz, as there is no sign of water 
action on the moraine above the line of the forty-foot beach. It 
is possible that the moraine may have been deposited about the 
water level, and that the water afterwards rapidl}' receded to a 
height of forty feet above the present lake. 

Delta deposits occur at the mouths of all the wide valleys open- 
ing into the west side of the lacustral plain, but unlike the delta 
of the Assiniboine they nowhere extend eastward beyond the 
general line of trend of the escarpment. 

Alluvium, 

m 

The Red River valley south of north latitude 50^ is thickly 
covered with alluvium, evidentl}' thicker near the river than far- 
ther away from it, its thickness at Rosenfield being 125 feet, 
while at Morden, twent3'-four miles farther west, and just at the 
foot of the Pembina escarpment its thickness is onl}' 15 feet. 

North of latitude 50^ a soft blue alluvial clay overlies the 
Archaean rocks along the whole of the east shore of lake Winni- 
peg bej'ond Winnipeg river, ranging in depth from 5 to 30 feet 
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It is generall}- more or less distinctly stratified and at its base in 
many places contains transported boulders. It also forms the 
north shore of the lake as far westward as the base of the sand spit 
that bounds Limestone bay on the south. The western side of 
the lake has not yet been sufficiently examined to say to what 
extent the older deposits are there covered with alluvium. 

In the western portion of the lacustral basin Prol Hind re- 
marked as long ago as 1859, speaking of the ''Big Ridge of the 
Assiniboine " which has been called by Mr. Upham the Ossowa 
beach, that ''between this ridge and the Assiniboine the land is 
eminently rich and fertile ; beyond the ridge north, it is described 
by the half-breeds as wooded, sandy and poor. " * Around lake 
Manitoba and Winnpegosis, there is comparatively little alluvium, 
the country in many places being immediately underlain by till. 

Lake Agassiz. 

In the absence of any evidence of a land barrier to the north 
and east sufllciently high to hold back the waters of the lake whose 
receding shore lines are marked by the beaches mentioned above, 
Mr. Upham has suggested that the water was held between the edge 
of the receding glacier of the Winnipeg valley and the Manitoba es- 
carpment, and to this body of water he has given the name lake 
Agassiz. As to the extent of this lake south of the present 
southern shores of lakes Manitoba and Winnipeg, nothing can be 
added at present to what is given by Mr. Upham in his recent 
report to the Canadian Geological Survey. Of the lacustral re- 
gion very little evidence was at hand, and the generalizations from 
that evidence were clearly of a preliminary character. 

Instead of assuming that lake Agassiz at any time covered an 
area of 110,000 square miles, as stated by Mr. Upham, let us 
consider the hypothesis that it was never at any time of enor- 
mous size, but rather that it was a belt of water, say as wide as 
lake Manitoba now is, lying along the foot or edge of the. glacier 
and quite possibly with a large expansion towards the south. 
Under this h3'pothesis the lacustral area was covered with the 
Manitoba glacier while all the more elevated beaches were being 
formed, and how far south this glacial lobe extended at any par- 
ticular time it is impossible to sav, since its foot was washed by the 
waves of the lake, and the coarser morainic material that dropped 

* Papers relative to the exploration of tlie country between lake Sup- 
erior and the Red river settlement, page 100, folio London, Gov., IH'AK 
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to the bottom was afterwards covered with a sheet of fine alluvium, 
just as has occurred in the deposition of the alluvial clay on the 
east shore of lake Winnipeg. 

While the face of the glacier was not far removed from the 
Manitoba escarpment, and when in places the highest beaches 
were in process of formation a sand delta was deposited in front 
of the mouth of Short creek in the depression now drained by 
Valley river. While the sand plain was being formed here the fine 
material brought down by the river would, under ordinary con- 
ditions, have been carried out into the lake and have formed a 
fringe of alluvial clay which would now be found covering the 
lower country. This does not appear to have been* the case how- 
ever, for but a few miles from the front of the sand plain of the 
delta, gravel ridges rest directly, or almost directly, on the till, 
and it is probable that the finer alluvium was spread out for a con- 
siderable distance north and south from the mouth of the old delta- 
forming river. 

As the glacier, in its intermittent recession, drew back from the 
escarpment, the lake followed it, dropping more or less suddenly 
from beach to beach, and probably being drained northwestward 
as well as southward. A northerly current in the lake or a con- 
traction in its width is clearly evidenced on the face of the Duck 
mountain by the gradually diminishing size of the pebbles of 
which the beaches are composed as they are followed towards the 
Swan river valley from the Hiding mountain ; the general small 
size of the pebbles is also remarkable as larger pebbles and 
boulders are found in the underlying till. The absence or scarcity 
of boulders on these beaches has already been recorded by Mr. 
Upham and the writer, and has been adduced as evidence that 
lake Agassiz did not freeze over, but even then it is difficult to 
conceive why masses of ice laden with boulders should not be 
thrown on the shore. Dr. Dawson has suggested that the water 
was at no time sufficiently deep to float icebergs, and it is pos- 
sible that this may be one reason for the diflference between these 
old ridges and the present beaches of lake Winnipeg. The 
beaches are almost unbroken, and are rarely more than ten or 
fifteen feet in hight. These facts lead to the supposition that 
they had not been acted on by waves such as would be generated 
on a lake with an area of more than 100,000 square miles, for on 
the shores of any of the three adjoining lakes of comparatively small 
dimensions, higher beaches composed of larger pebbles are of com- 
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mon occurrence and are more or less constantly broken by the 
waves. When the Manitoba lobe retired to the north and east of 
the country now partially occupied by lakes Manitoba and Win- 
nipegosis leaving boulders thickly scattered over the surface, the 
water stood at least eighty or ninety feet above the present level 
of lake Winnipegosis, but it does not appear to have stood at this 
height for any great length of time, since, in the northern portion 
of the region especially, little or no alluvium has been deposited 
over the till and paleozoic rocks. In receding from this hight 
the water has left two moderately well marked beaches, that 
fifteen or twenty feet above lake Winnipegosis being possibl}' rep- 
resented farther south by the Ossowa beach, and northeast by 
the highest beach at the Grand Rapids. During this and the 
succeeding period when the waters stood at the level of the triple 
beach at Grand Rapids, from 80 to 95 feet above lake Winnipeg, 
the ice foot appears to have extended down the middle of lake 
Winnipeg, and it was towards the end of this latter period that 
the moraine was formed across the summit of Black island. 
The ice then receded to the higher land east of lake Winnipeg, and 
there is no farther necessity for assuming an ice-barrier in that 
direction. 

The next time that the water came to a standstill it would 
seem to have been about forty feet above the present level of the 
lake, and the channel of drainage was probably through a wide 
valley extending northward from Limestone bay. 

It was during this last recession that the smooth glaciated sur- 
face of the archsen gneiss and schists on the eastern side of the 
Winnipeg basin was strewn with boulders fallen from the face of 
the glacier, and when the glacier had retired these boulders were 
covered by and imbedded in a soft blue clay, in which have since 
been formed many thin disc-like calcareous concretions. This clay 
doubtless consists of the finer material brought down by the gla- 
cier, and spread over the adjoining lake floor by the action of 
the water. As far as seen, it everywhere lies on the smooth gla- 
ciated surface of the Archaean gneiss and schist, and is not under- 
lain b}' till. 

From the above considerations, which have been ver}* briefly 
stated, it would ap]>ear probable that lake Agassiz was not at any 
time of ver3' vast extent, but rather that it was a margin of water 
of varjing width lying along the face of a great glacier which 
was retiring down a gradually declining plain. 



2^ 



ON A LEAF-BEARING TERRANE IN THE LOUP 

FORK. 

By F. W. Cragin, Topeka, Kansas. 

An interesting leaf-bearing terrane occurs in the Loup Fork 
Tertiary, on branches of the North Canadian, or Beaver creek, in 
the ** Public Lands." Its outcrops, so far as now known, are on 
the south side of the stream. The locality is neftr Alpine, and is, 
by wagon-road, between thirty-five and forty miles southwest of 
Englewood, Kansas, the nearest railroad point. It has been 
known to the winter as a leaf-bearing locality since the spring of 
1888, from an impression of a large Platanus leaf preserved on a 
block of fine, white, chalk-like rock and which was presented to 
him by Mr. Henry Fares, with the statement that the locality 
abounded in fossil leaves and that fish remains occurred in the 
same deposits. 

In texture, this rock resembles certain fine, white phases of the 
Niobrara chalk of western Kansas, being quite free from the sand 
which, of a fine sort and in small proportion at least, is an almost 
invariable constituent of the lime-like variety of the Loup Fork 
rock known in western Kansas under the names of << native lime," 
* * poor man's plaster, "* * * gypsum, " and * * gyp. " A sample sub- 
mitted to an eastern zoologist, for microscopical examination, was 
reported to contain^ '* coccoliths and rhabdoliths. " This report 
was unfortunately incorrect ; but on the strength of it, the writer 
provisionally referred the leaf-bearing chalk-marl of Alpinet to the 
Niobrara Cretaceous, regarding it as an example of chalk formed 
near land, and hence probably in water of moderate depth. 

In June 1890, the writer was for the first time able to visit the 
locality from which the leaf had been taken, and found that the 
supposed chalk was a lacustrine marl, yielding Planorbis^ Sphce- 
riuniy crushed specimens of an Anodonta or Unio, and the scales 
and spines of percoid fishes. 

The slopes of the Beaver, in the vicinity of Alpine, are formed 
chiefly of Tertiary deposits, immediately underlaid by gypsiferous 
red-beds, of supposed Triassic age, which crop out to the north- 
eastward in the Cottonwood canon and at the mouth of Crooked 
creek, and again to the westward and southwestward on the 
Beaver and on Clear creek, near Beaver City, the Clear creek 

*This name Is applied also to massive gypsum in Barber county, Kan. 
fBulletin Washb. Coll. Lab. Nat. Hist., Vol. 2, p. 67. 
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outcrops bearing a thick bed of massive gj-psum. Loup Fork 
mortar-ledges, bearing teeth of Hippoiherium speciosum, etc. , out- 
crop at many places, and Quarternary deposits, yielding remains 
of Mastodon, occur along the larger streams and draws. Sand- 
hills, produced chiefly by the decomposition of the Loup Fork 
mortar-rock and the drifting of its less soluble constituents, occupy 
a lower portion oftthe slope on the north side of the Beaver. 

The leaf-bearing marl has a number of outcrops south and 
southwest of Alpine. That especially examined is a rather steeply 
inclined bed, closely related stratigraphically to a ledge of ordi- 
nary Loup Fork mortar which yields teeth of Hippotherium. It 
is more or less stratified to laminated parallel with its inclined 
upper surface. Lithologically it is a white calcareous to siliceo- 
calcareous rock, composed of impalpably fine substance, and more 
or less indurated, according to the proportion of chemically com- 
bined silica. The purest parts of this bed have the earthy frac- 
ture, soft smooth feel, easily finger-smoothed surface, and general 
physical appearance of chalk. Other parts have a stony hard- 
ness and the texture of fine-grained limestone. Portions of neigh- 
boring outcrops are decidedl}' siliceous, resembling in texture lith- 
ographic limestone, or even chert. The harder varieties, in 
keeping with their highly siliceous character, tbreak with conchoidal 
fracture. In the softer, and sometimes in rather hard varieties 
of the marl occur chert-like concretions, the larger of which reach 
a diameter of two or three feet These are usually sharp-outlined 
oblate spheroids of perfect 83'mmetry, though sometimes irregular. 
They break with conchoidal fracture into exceedingly sharp- 
edged segments, the fresh surfaces of which have the color of 
milk-trimmed coffee, bleaching to white under the weather. 

Attempts at usmg the rock for building purposes, \>y selecting 
intermediate varieties, have proved unsuccessful. The softer vari- 
eties crumble ; the harder are too brittle, cracking into conchoidal- 
faced segments upon prolonged exposure to the elements. There 
occurs, however, in this district, still another phase of rock of the 
Loup Fork which is more like ordinary stone in its relation to 
practical purposes. This is a compact siliceo-calcareous breccia, 
almost entirely composed of broken shells and siliceous shell-casts 
of a species of Planorhis ; it answers fairly for well-curbing, foun- 
dations, etc. 

Certain ferruginous beds also were seen in this district, and are 
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presumably referable to the Loup Fork ; but these were not ex- 
amined closely. 

In the chalk-marl proper, and in the harder and softer phases 
alike, occur dicotyledonous leaves, diatoms, fish-remains, and 
molluscan shells. In the midst of the best-observed outcrop, is 
a local parting or stratum of laminated chocolate-colored shale, 
the relation of whose laminae to those of the chalk-marl proves it 
to be a genuine member of the latter, and not an intrusive deposit 
of later date ; and in this shale, the writer found, together with 
molluscan remains similar to those in the chalk-marl proper, and 
two undetermined genera of aquatic or marsh-plants, the proximal 
end of an ulno-radius which is apparently referable to one of the 
Camelidce, and in any event, to an animal as large as Procamelu9 
occidentalism and which had the distal portion of the ulna and 
radius completely coOssified. This bone has the same chocolate 
color as is seen in the shale itself, and a tooth of Eippoiherium 
speciosum, which was picked up in a gully in the marl-bed, shows 
a state of preservation and color so similar that it can only have 
come from the same shale. The ulno-i'adius itself, however, set- 
tles the age of the leaf -bearing marl. Whatever be the genus or 
species, it indicates an ungulate limb of such a kind and degree 
of specialization as, taken in connection with the size, would be 
inconsistent with its reference to any epoch earlier than the Loup 
Fork. That the marl is not later than the Loup Fork, its strati- 
graphic relation to the associated Loup Fork Hippotherium-bearing 
mortar clearly shows. 

The white marl itself contains a variety of leaves which are, in 
part, such as it is a surprise to find associated with late Tertiar}^ 
mammalian remains, and which promise to shed some light on 
the age of certain Rocky Mountain leaf-bearing horizons. The 
forms of leaves thus far collected from the Alpine chalk-marls are 
identified as follows : 

1 — Platanus sp, indet. , 2 — Plataniu aceroides GOpp. 

3 — Salix angustata Al. Br. , 4 — Sapindru sp. indet , 

b — Populus grevioptis Ward, 6 — (?) Popultu sp, indet 

7 — Credneria daturce/olia Ward. 

Some of the leaf-impressions in this marl retain more or less of 
the lignitized woody material of the leaf, giving a black color to 
those in which a considerable amount of carbonaceous substance 
is thus retained. 
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No. 1 is a very large leaf with obtuse teeth ; it measures eight 
and a half inches in breadth. No. 5 might be referred to Grevi- 
opsis populifolia Ward, as well as to the species to which it is 
here assigned ; and, indeed, the generic and specific distinctness 
of these forms seems doubtful. No. 6 is an ovate-cuneate form 
which bears no small resemblance to two somewhat lai^er leavea 
in the museum of Washburn College from alleged Laramie beds 
at Trinidad, Colorado. The identity of No. 7 with the species 
which Ward has described from the white marl bed forming the 
summit of the **Fort Union " beds of Seven-Mile creek, Montana, 
under the name of Credneria daturcB/olia, admits of no question, 
whatever doubt may exist as to the propriety of referring the 
species to the genus Credneria. 

The occurrence of this species in the Loup Fork Tertiary is of 
unusual interest. In Volume L of the Fortieth Parallel Reports, 
published in 1878, King wrote, << I apprehend that the plant hori- 
zon at Fort Union will be found to be nothing but the northward 
extension of the White River Miocene. " Whatever be the age 
of the lower part of the Seven-Mile creek beds, the occurrence of 
Credneria daturcpfolia in the Loup Fork indicates not only that 
the white marl cliff which forms the summits of those beds is 
probably referable to an epoch not earlier than that indicated by 
Kmg, but that it may well be reexamined with a view to its pos- 
sible referability to the Loup Fork. 

A curious palseontological feature of the Alpine chalk-marls is 
the apparent evidence of a certain degree of brackishness in the 
waters of the great lake. 

Following are the names of the diatoms identified by Rev. Fran- 
cis Wolle, of Bethlehem, Pa., in a sample of the marls sent him, 
together with his notes on the habitats : 

CymbelUi clstuUi Hempr. — More frequently fresh-water than brackish. 

Kavicula peregrlna. — Brackish water. 

** tctiella Breb. ) These two may be forms of Schizoncmn; 
** lanccolaVa Ktz. ) hence marine. 

Co8clnodiHcu8 woodioardl Eilenstein. — This is the most decldely ma- 
rine. 
MeU)>iira granuUiUt (Ehr.) Ralfs. — Brackish or marine water. 
The Loup Fork calcareous sandstone has been universally called 

a fresh-water deposit. This view is no doubt essentially correct ; 
yet the influence of the gypsiferous and saliferous ** red-beds" 
floor of the Indian Territory district of the lake may have im- 
parted locally a somewhat brackish character to the lake- water. 
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THE OZARK SERIES. 

By G. G. Baoadhsad, Columbia. Mo. 

In the Geologist for January and September 1889, the Ozark 
plateau was discussed by myself as to its elevation and extent. 

In the Missouri geological report, 1855, Prof. G. C. Swallow 
published a vertical section of palaeozoic rocks, which has suf- 
fered but few corrections. As corrected, it is about as follows: 



(I 
({ 

(I 



Upper Carboniferous .2000 feet 

Lower Carboniferous to base of Burlington 1145 

Chouteau group 205 

Devonian 125 

Upper Silurian 175 

Hudson River group ••• 165 

Tienton and Black River limestones 360 

liAGNSSIAN LIMESTONE SERIES. 

First Magnesian limestone 190 *' 

First or Saccharoldal sandstone 125 '* 

Second Magnesian limestone 230 '* 

Second sandstone 70 ** 

Third Magnesian limestone 350 ** 

Third sandstone 50 

Fourth Magnesian limestone 300 



(I 



This series of magnesian limestones is known in Missouri by its 
numbers; the ** First" is rarely found in central-southern Missouri, 
excepting on the most elevated points, but it is better developed 
in the counties bordering the Missouri river, occurring as a gray 
or buff or drab limestone, sometimes oolitic as near Horiile in Jef- 
ferson county, or abounding in Cythere suhlcevis^ as at Pacific, in 
Franklin county. The First, or Saccharoidal sandstone reaches 
its greatest thickness near Augusta, St. Charles county, where it 
is 133 feet thick. A corresponding thickness was recorded in the 
boring at the Insane Asylum, St. Louis. Its upper part is white 
and pure silica, its lower part often colored brown. It is the 
equivalent of the St Peter's sandstone. The only evidence of 
organic remains found in it is a large Orthoceras^ about 8 inches in 
diameter. 

This sandstone is valuable as a material for glass-making, and 
the glass-works at Cr}''stal City, in Jefferson county, are located at a 
favorable outcrop. The Second Magnesian limestone is well ex- 
posed at Jefferson City, and includes all the strata in sight at that 
city. The lower beds are thick and cellular, the small cells filled 
with a white powder, or else empty. Above these there is a good 
deal of chert occurring mostly in a concretionary fqrm, together 
with some shale, and earthy drab-colored magnesian limestone 
beds, locally called < 'cotton rock." But a small per cent, of this 

3 
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is suitable for building. Fossils are not abundant. Those found 
are a Lingula (like L, prima Hall) an Ophileta, and Pleurotomaria, 
At the base of the hill at Hermann, a trilobite (probably Cono- 
cephalites)^ an Orthts, &c., were obtained. 

The Second sandstone occupies the tops of the hills in Madison, 
Washington, Reynolds, and some other counties, and is apparently 
replaced by certain chert beds in those counties. This sandstone 
is coarser than the First sandstone, and is often slightly colored 
with iron, and is often a firm, solid rock, useful for building pur- 
poses. The Third Magnesian limestone occupies the base of 
nearly all the hills of southern Missouri, sometimes reaching to 
the hill tops. It occurs chiefly in thick beds of coarse, gray dolo- 
mites, or finer textured fiesh-colored layers, the latter sometimes 
as much as 20 feet thick between the bedding planes. The coarse 
gray dolomites often disintegate and weather into rough surfaces, 
and at the lead mines decompose into dolomitic sand. 

The Third sandstone was recognized by Prof. Swallow, on the 
Osage and Niaugua rivers, in Camden and Dallas counties. 

A part of this series may be referred to Prof. Dana's Canadian 
period. 

The First Magnesian limestone lying below the Trenton group, 
may be Lower Silurian, and some have considered it to be 
of the age of the Chazy; in the absence of fossils it is not easy to 
assign it to its proper place. The series below, including to the 
base of Second sandstone, and probably part of the Third Mag- 
nesian limestone, may be considered of equal age with the Calcif- 
erous of the New York system. The Lower part of the Third 
Magnesian limestone may probably be of the age of the Potsdam, 
and the other strata below seem certainly to be of Potsdam age. 
The Second Magnesian limestone and the other series below to 
the Archaean seem to correspond with the description. and position 
of beds referred to the Upper Cambrian by Mr. C. D. Walcott. 
So, whatever may be the true geological position of this series of 
rocks, they belong to different periods of geologic time. I there- 
fore, for this reason and from the similarity of the composition of 
the rocks, think best to place them in one series, and call that great 

series 

**The Ozark Series" 
Distributed AS follows: 

First Magnesian limestone. 

First or Saccharoidal sandstone — St. Peter's sandstone. 

Second Magnesian limestone. 
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Second sandstone. 

Third Magnesian limestone. 

Third sandstone. 

Fourth Magnesian limestone. 

The term Magnesian has been applied to rocks of other ages, 
and, for that reason, has not been well taken. The term Ozark, is 
peculiarly well adapted, for it includes rocks that are not only 
found amid the Ozarks, but are there better developed. 

In south-eastern Missouri certain members of the lower part of 
the series are wanting, and the Third Magnesian limestone is not 
well separated from a lower limestone which may be the equiva- 
lent of the Fourth. The lowest rock near Mine La Motte is a 
sandstone which, near Fredericktown rests directl}^ upon granite. 
There are also occasional exposures of a variegated red, purple, 
buff and drab marble whose position is above the sandstone. 
Above the marble beds are gritstones and magnesian limestones 
and dolomites which are the lead-bearing rocks of Madison and St. 
Francois counties. These lower limestones contain Lingulella 
lamhomi of Meek at several places. If that fossil is of Potsdam 
age, then these lower limestones and sandstones are of Potsdam 
age. The marble beds have occasionally furnished beautiful 
polished slabs of marble. Nearly 35 years ago Mr. Henry Cobb, of 
St. Louis, had a quarry of it opened near Ironton, in Iron county, 
and attempted to bring it into notice. He termed it ** Ozark " 
marble, and in deference to him I will still use the name. The 
series in Iron, Madison, and St. Francois counties is as follows: 

OzABK SsBna. 

Second sandstone — on hill-tops with chert 135 feet 

Third Magnesian limestone with chert a^nd quartz. . . 225 ** 

Gritstone and Lingula beds 50 ^* 

Ozark Marble beds 25 ** 

Lower sandstone and conglomerate 90 '' 

The above series rests on Archsean porphyries and granite. 
University Columbia^ Mo,, April, 1891. 



SOME RECENT GRAPTOLITIC LITERATURE. 

By R. R. GvRLEY, U. S. National Museum. . 
Besides several minor papers* the graptolitic literature of 1890 com- 

♦De Roaville, Prof. P. G. Note sur le presence du Pleurodictyurnvroblematicum 
dans le Devoiuen de Cabri^res et sur un nouvel horizon de Graptolites dans 
le Silurian de Cabri^res : Bull. Geol. Soc. France. XVUI, pp. 196-97 (Notes dis- 
covery of an ArSnig fauna). 

DodKB, W. W. Some Silurian Graptolites from Northern Maine; Am. Jour. Sci., 
XL, pp. 163-65 (Notes occurence of the Norman's Kill fauna in Penobscot 
County). 

Nicii'ilson, H. Ollphant. Notes on the discovery of TYigonoaraptus ernfiformis^ 
Hall (sp.) and of a variety of Vidumojrraptus V/racttu Salter in the SKiddaw 
slates; Geol. Mag. VII, pp. 940-44 (Describes I/. V-fractUB var. volucer^ var. 
nov.). 
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prises four papers of some length, an abstract of which is attempted in 
the following pages. As will be seen all are the work of foreign 
authors. 

Ueber das alter d. Sogen ChraptolUhen'Oeateins mil besonderer Be- 
rUcksidhUgung der in denselben enthaltenen Oraptolithen; by Otto MkeL 
Ztscbr. d, deutsche geol. Gcs., XLT, pp. 653-716 ; Berlin 1890. 

The Gestein, the author tells us, belongs unquestionably to the Upper 
Silurian. The only question is as to its exact horizon within that sys- 
tem. After reviewing the opinions of previous workers he expresses 
his belief that the Graptolithen-Gestein finds its equivalent in various 
horizons of the Wenlock Shale. 

The Graptolites of the formation are next considered. At the outset 
(p. 660) the author mentions Barrande's division of the Graptolites into 
the one-rowed and two-rowod. He further tells us that all true Grapto- 
lites are still classified in accordance with this scheme. This state- 
ment does not indicate a profound acquaintance with the later grapto- 
litic researches and especially with that masterly series of memoirs 
which has made Professor Lapworth^s name to the present generation 
of graptolithologlsts what those of Hall, Barrande and Geinitz were to 
the preceding. Indeed we have hardly met with another recent paper on 
this group from which the name of Lapworth is so conspicuously ab- 
sent. Correlated with this peculiarity is the slight esteem in which the 
author holds the sicula, which might not inaptly be termed the organ 
of Lapworthy so closely is it associated in the mind of the graptolitholo- 
gist with his researches. In short, throughout the whole memoir the 
subject is treated from the standpoint of Nicholson's Monograph of the 
British Graptolitidse, a work which represented the high water-mark of 
the science at the time of its publication (1872) but which, we are sure, 
its own author would not recommend to Herr Jakel as a modern text- 
book on Graptolithology, so great has been the progress of our knowl- 
edge during the last eighteen years. 

Returning to the text we find that, apparently misled by. the fact that 
Mojiograptvs, Geinitz, has obtained currency to the exclusion of Mono- 
prlorit Barrande, in defiance of, and not in accordance with, the rule of 
priority, Herr Jakel tells us that: **The generic name Monograptus 
previously employed by Geinitz has been used by the later authors in 
place of Monoprion of Barrande and in the same sense as the latter."* 

We regret to find ourselves as little able to agree with Herr JakePs 
views as to the conditions of life of the Graptolites as we were to admit 
the correctness of the statements quoted. He discusses at some length 
the subject mentioned and concludes that the true Graptolites must have 
been fixed. His reasons for this divergence from what we take to be 
the consensus of two generations of observers is his inability to under- 

• M. Barrande described Diprion &nd Afonqprion in 1850. In 1852 Dr. Geinitz, 
remarking that Diprionwas preoccupied, employed Professor M'Coy's term Diplo- 
graptus in its place. In this connection lie said tliat Monoprion must be changed 
to SlonoqraptUH for harmony (Einklana). Later the powerful infiuence of Prof. 
Lapwortii has secured its retention. He gives his reasons for favoring it instead 
of Barrande's name (which he admits lias priority) in his memoir on tlie Scottish 
Monograptidos (Geol. Mag., 1876, III. pp. 310-11). It is probable tliat Lomatoceras 
(Brown, 1835-7, Leth. Geogn. I, pp. 66-C), should supercede them all. 
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stand in what way the heavy polypary could have been moved. Wave 
action being excluded ( "the Graptolites were deep-sea dwellers" ) flota- 
tion could only be secured, he argues, through swimming movements of 
the zooids or by the possession of a hydrostatic apparatus. The possi- 
bility of movement by the former means is regarded as very improbable 
in view of the independence of the cells, their opening upon one side 
only, and the form of the stem on the other side. No less improbable, 
he thinks, is the assumption of a hydrostatic apparatus. It is asserted 
that such could only have been the central disk. Herr Jftkel rejects the 
possibility of such a view of its function as the cells would necessarily 
have been directed downwards, a condition which, he tells us, has never 
been observed in the analogously constructed living colonies. 

On the other hand, by assuming these organisms to have been fixed we 
can, he thinks, form a "simple and natural picture "of the genus Dicty- 
'Onema with the " cell-less net'* imbedded in the mud and the cell-bearing 
branches projecting with the cells directed upward. Possibly this may 
possess the merit of simplicity, but the fact is that the "cell-less net " 
has no existence. If Herr J&kel will consult Br5gger*s memoir' 
he will find that the branches in Dictyonema are thecaphorous 
along their whole length; although they may apparently lack thecse in 
any portion from unfavorably directed pressure. The central disk is 
also by Herr Jftkel regarded as mud-imbedded. 

The sicula receives little notice. It indeed furnishes opportunity to 
•quote Professor Nicholson's Monograph again to the effect that the 
radicle ( sicula) was present certainly in some and probably in all cases. 
We are then told that " when this probably shall have been actually 
made credible through numerous and not as heretofore by *some cases,' 
I would ask whether this organ may not be regarded as the foundation 
of the stem and have served for preliminary imbedding until, the lateral 
spreading of the 'cell-less root ' or a broad disk moored it securely." 
Ck>ns{dering the overwhelming mass of evidence showing the sicula to 
be the embryonic stage, so to speak, of the graptolite. It is only neces- 
sary to remark that in some genera the sicula is so imbedded in the 
:substance of the polypary that it could not have been stuck in anything. 

For his next theory the support of Prof. HalPs authority (under date 
of 1865) is invoked. This time it is a revival of the view that the 
Monograptidee are fragments of compound forms; another defunct 
hypothesis which,natural enough for the date at which Prof. Hall wrote, 
Jacks the slightest trace of support from later investigations. 

We arrive now at the proposed subdivision of the genus Monograptus. 
We are here reminded very strongly of the methods of securing a change 
of dynasty in vogue in some of the South Sea Isiands. When a king 
becomes aged he is told by his son that he in his turn wishes to mount 
the throne. The old monarch acquiesces and a funeral procession is 
formed which escorts him to his grave. Some such custom seems about 
to be Introduced into our midst. With regard to Herr JftkePs proposition 
to divide the genus Monograptus we have nothing to say. It is not the 

sBrosrger, W. C, 1882, Die silur Etagen 2 & 3, im Kristianiaeebiet. 
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division, but Herr Jakel*s mode of dividing that excites our apprehen- 
sion. Instead of the customary gemmation we are introduced to a pro- 
cess of nomenclatural fission which we confess is new to us. Its chief 
characteristic seems to consist in t/ie enXire disappearance of the original 
genus. We cannot but pronounce it a most flagrant violation of the 
rules of nomenclature. 

The genus Pristioqraptus (one of the two unnatural offspring which 
have thus devoured their parent) is characterized by an axis straight or 
bowed outward, a free mouth opening formed at the expense of the bev- 
elled upper lip ; thecal processes when present are found upon the under 
lip. 

In Pomatograptus (gen. n.) on the contrary the axis is straight or 
curved inward, the mouth opening small under the over arching upper 
thecal lip. 

Herr Jakel closes his remarks upon classification by the foIlowing^ 
italicised paragraph : 

'*This highly interesting case (the above* parallel^) with many others 
shows that the one-rowed and more-rowed QraptolUes are not systematic' 
ally separable Imt are to he classifl^d phylogefietloally and naturally from, 
a higher point of view." 

The description of Retiolites which is perhaps the least faulty portion 
of Herr Jakel's article terminates the section devoted to GraptoUtes. 
At the outset Herr TQrnquist^ feels compelled to except to the author's 
statement. He says: Little if anything is added to our knowledge of 
the generic structure beyond the points elucidated by the Swedish 
paleontologists during the previous decade. We need only mention the 
author's proposition to classify RetiolUes geinitzianus along with Pristo- 
graptus (Monograptus). 

Herr Jakel tells us (p. 666) that after acquainting himself with spe- 
cial literature of the Graptolithen-Gestein he found it impossible to in- 
form himself with regard to the ^* almost numberless " species on record. 

While knowing little of the Monograptidae we detect some sigms which tend 
to make us suspicious of the new grenera. Herr Jakel believes that a classilica- 
tion based (principally at lea^st) upon the characters of the mouth opening could 
be applied with advantatrc to all grraptolites, includint; **the two and more 
rowed." (p. 666.) Again; All the various types of Monogrraptids find parallel 
forms as well amontf the two-rowed as amonf; the compoujid forms." Rather 
unfortunately we think, he continues; **A very remarkable example is furnished 
by Monograptus tetttia, Barr. which with its aberrant peculiarities possesses ita 
corresponding parallel form in Didymofrraptns bimucronatus Nich., and Didymo- 
graplus quaarimucronatuji Hall" (p. 665). Further readin|;(p. 676) shows this 
parallel " to consist in the possession by M. testis of tico ta^ines on the under lip. 
This peculiarity the author regards as woi-thy of generic distinction. Provision- 
ally it is left under Pristio graptus but he remarks tliat if the remaining graptolitea 
should be classified along the lines he lays down this should form the type of a 
new genus. We confess to having little sympathy with such genera. 

iTornquist. Sv. L., 1800, Unders(>kningar of v. Siljansomradets Grapt., p. 7. 

" The very first lines relating to that genus [Retiolites]. 'Although the general 
structure of Retiolites yeinitzianus had already been quite correctly recognized 
and very aptly figured by Barrande and Siiss, it seems to me' etc., seems rather 
incomprehensible, since it is known that Barrande and Siiss entertained entirely 
different conceptions of the structure of that genus and how sharply the f'jrmer 
protested against the latter's interpretation of its rhabdosoma. The author seema 
to have taken no cognizance of what has been written in recent times on this 
matter, for example, in as important a work as TuUberg's 'Skanes Graptoliter.' " 
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This we can well understand as the literature is quite large. Such ac- 
quaintance is however, no less a sine qua iion for successful specialistic 
work in the graptolitic field than in other departments of science. 

The following new species are described : PristUigrapius frequens, 
Pomatograptus pseudoprion, and P. micropoma. 

Die GraptoUthen d. k. mineralog. Mttseum in Dresden^ by Dr. H. B. 
Qeinitz, Mitth, k. min. geol. u prcehistor. Museum in Dresden^ IX 
Cassel, 1890. 

After many years spent in varied paleontological researches, Dr. 
Geinitz has once more turned his attention to the Graptolites. 

The present work is, he tells us, of the nature of a revision in the 
light of modern investigations of the material which formed the basis 
for his valuable Monograph of 1853. ^ 

The Nereograpti are omitted in the present work. Those forms with 
an unsegmented canal as N, cainibrensis, Murch., Dr. Geinitz still con- 
siders nearly related to the living Pennatulines (F{rgulanaj?/ncoide8, 
Blainv. and FunieuUna cylindrica Blainv.) Those with a segmented 
canal are regarded as allied to the living Nereis and Phyllodoccy while a 
large number of the forms are ( as shown by Nathorst and others) to be 
considered tracks, etc., of worms. 

We notice that the author includes Rastrttes ( also JakePs new genera 
PrlsUograplus and Pomatograptus ) under Monograptus, Concerning 
the propriety of this arrangement we have no opinion to offer as our 
experience with the family Mouograptidss is practically nil and we only 
note the author's synonymy as It accords with his original views and 
differs from the consensus of present writers. 

More important, it seems to us, is the refusion of such genera as 
Climacograptus and Dlmorphograptus with Dlplogrdptus which thus 
again tends to include a series of forms whose only similarity is the 
possession in common of a double row of hydrothecss. Dimorphograptus 
seems, ( so far as we can Judge from the studies of others ), to be a true 
transition from the Diplograptidse to the Monograptidse. It is of the 
greatest importance in showing us the futility of classifications based 
solely on the possession by some part of the polypary of a single or 
a double row of cells. Before the discovery of the forms included in 
this genus the Dichograptidaa were looked upon as the ancestors of the 
MonograptidsB and were even considered monograptids solely because 
the hydrothecsB occur only on one side of the common canal. The 
modern improvements in classification form the corollary to* recent 
researches upon the life history of the graptolites, and are in large part 
based upon the relation of the sicula to the remainder of the polypary. 

Relative to Climacograpus we must, while entertaining the highest re- 
spect for Dr. Geinitz dissent almost in toto from the following passage: 

" Little re^rd is here .taken of the scalar! forms of various Grapotolites (origi- 
nating through compression of the horny tlexible polyp-^tem ) which Hall has 
united into the genus Climucoffraptus since its possession by safely determinable 
species is little assured." 
The genus Climacograptus is by no means (as one would infer from the 

iGeinitz. H. B. Die Vereteinerunflren der Grauwackenform. in SHchsen, etc., 
Abtli. 1, Die Grap toll then ; Leipzig:, 1852. 
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above), founded upon, limited to, or in any specific way characterized by 
or connected with scalariform Impressions. These impressions are com* 
mon to many genera but these genera do not for that reason become 
synonyms for CllvMUiograptvjB as defined by Its author. The charac- 
ter by which Climacograptus is principally distinguished is the depres- 
sion of the hydrothecal mouths below the surface of the polypary. 

Passing rapidly over that portion of the memoir which deals with 
synonymy we are glad to see Stephanograptus, ( Gelnitz, 1866 ), noticed 
as having clear priority over both Cceiwgraptus (Hall, 1868 ), and Hellr 
cograptu8 (Nich., 1868), as its just claims have heretofore been ignored. 
Like the other genera mentioned it was founded upon 8. gracilis. Hall 
Oraptolithus. 

We regret that Dicellograptua Hopk., has not fared better than CliTfui- 
cograptus. The definition given of Didymograptua Is '* From a mostly 
short stalk (the sicula), extend in two opposite directions, sometimes 
nearer, sometimes farther from each other, Monograptus-like branches." 
Under it is Justly included (and the author Includes) the two genera 
IHdymograptus and Dicellograptua which are universally, and we believe 
most Justly, regarded as belonging to two exceedingly distinct families. 
But the definition seems to us entirely too comprehensive. 

Amid the wreck of genera we are glad to Recognize our old friends 
Phyllograptus and RetioUtes and to meet again on the excellent plates 
which accompany this work the assemblage of forms which has become 
classic through the labors of the two pioneers of graptolithology, Geinitz 
and Barrande. 

Undersokningar ofver Siljansomradets Graptoliter by Sv. Leonh. Torri' 
qutst. (LundsUniv. Araakrifttom. 26,) 

Previous writings are first passed in review. Prom forty species in 
1881 the numoer has been increased by a score. 

The order of the strata is as follows: 

MEMBER. STRATUM. 

Leptsena limestone ? Leptaena limestone ? 



Re ti elites slate 



*True retiolites slate. 
, ♦Transition stratum. 

Rastrltes slate 'Various zones of Rastrltes slate. 

Kling limestone Kling limestone. 

Red Trinucleus slate. 

THnucleus .nember . I S™nucTeus slate. 

Masur limestone. 

Bryozoa limestone. 
Chasmops limestone -j Cystid limestone. 

*Flag limestone. 

♦Upper grey Orthoceras limestone. 

Upper red Orthoceras limestone. 

Lower grey Orthoceras limestone. 
I Lower red Orthoceras limestone. 
l^*PhylIograptus slate and green limestone. 

Obolus limestone \ ^^^|"^ »^^'7^ limestone. 

i Obolus conglomerate. 

♦Have yielded graptolltes. 



Orthoceras limestone ^ 
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The Bastrites slate is undoubtedly capable of subdivisions but the data 
are defective. A provisional arrangement of zones is proposed. 

The author is disposed to question the received opinion that the 
graptolites are closely related to the Hydrozoa as difficult to reconcile 
with the structure of ReHolites as set forth by himself and TuU- 
berg. Relative to the structure of that genus ( R. geinitzianus ) the 
views of the author are in complete accord with those of Mr. Holm 
given above. The relation of the last named species to Stomatograptus 
tornijuigti, Tullberg is shown and the identity of TuUberg's species with 
ReUolitea grandU SQss, is established by comparison with specimens 
from SClss^s type locality. RetiolUes oh€3H8 Lapworth he thinks should 
probably form the type of a new genus when better material is obtained. 

Passing rapidly over descriptions of species which possess little inter- 
est except for specialists we note the suggestion of Herr TOrnquist that 
the genus THdymograptus be made the type of a new family, the Didy- 
mograptId89. It differs from the compound dichograptids in having the 
sicula divided by a distinct wall from the two branches while in the 
dichograptids the sicula merges without distinct boundary into the 
thecaphorous hydrosoma. In DidymogravtiLs moreover the branches 
are given off at different levels reminding one of the alternation of 
theca-formation in the diprionidlan graptolites. Further on (under 
Phyllograptus densus, TOrnq.) we And that the theca in PhyUagrapttM 
are inserted at the same level in whorls of fours. The structure in this 
genus is that of four monoprionidion polyparies soldered back to back. 
Ko distinct virgulaB were observed. The author thinks some specimens 
«how a sicula with the point thrust up into the proximal thecal cycle, 
but adds that this requires confirmation. 

Besides the above outline which contains the gist of such parts of 
Herr TOnquist's paper as are calculated to interest the general reader, 
this excellent essay abounds in descriptions which well sustain the 
character of the Swedish graptolites writings for accuracy of specific 
definition and painstaking morphological study. 

The new species are : CUmograptus robustusj Tetragraptus curvatus, 
DidymograptU8 gjucUiSf D. decena, Climacograptua intenexus^ Diplo- 
graptus bellulv^. In addition to these many previously described forms 
are figured and their synonymy considered. 

OoUands QraptolUer, by Oerhard Holm; Bihang tiU K. Sv. Vet, AK, 
Handl., 1890, XVI, Afd. IV, No. 7, , 2 pis. Also Reprint, Stockholm, 
1890. 

This excellent paper contains the results of the author's studies of the 
graptolitic material from Gotland added to the State Museum, since the 
publication of Linnarsson*s paper of the same name eleven years ago.^ 

Linnarsson knew of but three species of Graptolites occurring In Got« 
land. Tullberg and Xiindstrom subsequently increased the number to 
five. Mr. Holm has added three more so that the list now stands as 
follows: 

^Linnarason G. Ofv. K. Vet. AK. Forh., 1879, No. 6, pp. 3-12. ~ 
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Diciyonema cervicorne (sp. n.) Monograptus subconicus, T5rnq. 

Dictyonema abnorme (sp. n.) Monograptus dabius, SQss. 

Monograptus priodon Bronn. Monograptus sp. 

Monograptus priodon var. flemingii, Retiolites geinltzianus, Barr. 
Salter. Retiolites nassa (sp. n.) 

Following in the track of Dames' and BrOgger's researches the author 
discusses the structure of the genus Dictyonema, Particularly apt 
seems to us his views regarding the heterogeneous nature of the species 
usually referred here. For example we find in this genus a species 
{D. JUjbelliforme) which is undoubtedly siculatej associated with species 
most of which are probably, and some of which are certainly not so. 
As he remarks the ( for grap toll tes) unprecedented vertical range of the 
genus furnishes additional reasons for suspecting some of the generic 
references. We may, however, note that the siculate and non-siculate 
types occur at one and the same horizon. But a generic division cannot, 
as Mr. Holm says, be satisfactorily established until the species are 
more thoroughly known especially in the proximal portion. 

Under the description of D. cervicorne we are introduced to one 
of the most beautiful elucidations of graptolite structure that we 
have ever seen. The author imbedded a specimen in Canada balsam 
face down upon a slide, and then removed the limestone matrix by solu- 
tion with acid. Part of the wall of the funnel-shaped polypary was 
thus obtained in full relief with the parts in their normal relations. 

The thec8B are seen to form one vertical row and to terminate In a 
long hay-fork like spine. Situated alternately on the two sides of 
these spines ( and thus forming two vertical rows ) are peculiar cup- 
shaped bodies, ( "by-thecae") which are compared by the author to 
bird's-nests. They are divided from the thecse by a wall. It could not 
be ascertained whether any connection existed between these by-thecj» 
and the adjacent thecae, or whether the former communicated with the 
common canal. He suggests that they may be gonangia. It is owing 
to this arrangement of the thecse in one vertical row along the inner 
face, and of the by-thecaB in two vertical rows along the lateral faces of 
the branch that when looked at from the side the branches appear 
serrate on account of the tbecae and when looked at from without tho 
thecae are Invisible being hidden by the branch, which latter presents ii 
zig-zagged appearance owing to the alternately projecting by-thecao o!i 
either side. The connecting cross-filaments are shown to be flattened 
from above downward. They are bow-shaped with the convexity out- 
ward andpossess a pitted surface and outwardly projecting branches. 
They correspond in number to the thecae beween each pair of which 
they project. 

Not less beautiful than the foregoing demonstration is that of the 
structure of the polypary in RetlolUes geinitzlanu^ and Stomatograptas 
t6rnqui8ti.* 

In the former species we see two virgulae ( the one straight and the 
other zig-zag) occupying the central line of opposite faces of the 

•Although many of these points have been previously noted, this <lescription is 
worth }r of mention as it is aluiost the Hrst based upon thoroughly satisfactory 
material. 
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square-prismoid polypary. From each convex angle of the zig-zag and 
from a corresponding level of the straight virgula, there extends out- 
ward in the reticulated wall of the polypary, a chitinous bar ( ** parietal 
ledge"). In the ventral ( outer ) wall of the polypary the parietal ledges 
are connected by a horizontal " mouth-ledge." Tracing the parietal 
ledges back toward the central line of the polypary they are seen to be 
deflected upward in the vertical and inward in the horizontal plane so 
that they sink below the surface, {. e., into the interior of the polypary. 
Near the point of deflection they are connected by a bar which traverses 
the interior of the polypary ( '' inner cross ledge" ). On the trapezoidal 
frame formed by the mouth-ledge, inner cross ledge and two parietal 
ledges is strung a fine chitinous network which is an inward extension 
of the exterior network serving to divide adjacent thecee. The external 
network is stretched over the whole surface of the polpary being attached 
on the ventral surfaces, to the mouth-ledges and on the lateral surfaces 
to the parietal ledges as far as the point where those ledges become de- 
flected below the surface. At this point the attachment to the ledges 
ceases and the network is stretched across the median line to the sim- 
ilar angle of the opposite parietal ledge. From all this it follows that 
three canals extend the length of the polypary In the median line. The 
central of these is the common canal which is bounded on either side 
by the inner cross ledges and front and back by the two virgulas. Be* 
tween this canal and the network (stretched across from angle to angle 
as described above ) lie two canals, one in front of and one behind the 
common canal. It is thus easy lo see what diverse appearances may be 
presented by one and the same polypary under difiPerent degrees and 
directions of pressure. Preserved in relief neither virgula is visible ; 
the external network with the parietal ledges extending toward but 
stopping short of the center being all that can be seen, while if subjected 
to compression, the zig-zag, or the straight virgula ( or with greater 
pressure, both the zig-zag and the straight virgula) becomes visible. 
The specimen which has furnished this description fails to show an 
outer envelope or inner dividing walls, but the author cites several 
authorities to prove the existence of these structures. 

In a general way the structure of StovuitograptiJia tomqaisii resembles 
that of R. geinUziamis, The epidermic coating of the network is, how- 
ever, coarser and the virgulas and ledges finer than in the latter species, 
and the plane of the thecal mouths is oblique to the long axis of the 
polypary so that in profile the latter appears serrate. In a well preserved 
specimen of S, tomquistl Mr. Holm detected an epidermiclayer external, 
and an endermic layer internal to the network. The outer and inner are 
smooth and without gaps, the middle alone being cribriform. 

Our author believes ( but was not able to demonstrate ) that interiorly 
the inter- thecal partition planes are attached to the inner cross ledges. 
He further believes ( in opposition to Tullberg's opinion ), that the 
tbec£e were not delimited interiorly by a porous membrane from the 
common canal but that the communication between the two was un- 
restricted. 

The remainder of this admirable article is devoted to a criticism of 
Jakel's essay which has been noticed above. 
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THE FLOOD-PLAIN AND THE MOUND BUILDERS. 

By Stephen D. Feet, Ph. D., Mendon, III. 

One of the most interesting problems which the geologist and 
the archseologist in their combined capacity may undertake to 
solve is that presented by the flood-plain. The flood-plain is, to 
be sure, altogether a natural creation while the mound-builders' 
works are artiflcial. Yet the two are so related that they may 
well be studied together. Both are comparatively modem, the ap- 
pearance of the flood-plain and the erection of the earth-works 
having been subsequent to the glacial epoch, but both pi-eceded 
the historic period. Great changes have indeed occurred in them 
since the historic times, but they are in opposite directions, as the 
flood-plain seems to be more plainly visible and is fast becoming 
a regular formation, the last of the sedimentary layers, while the 
earth-works are fast disappearing and are only advancing in their 
decay and desolation. 

The enquiry which we desire to make has regard ' to the time 
which has probably elapsed since the erection of the earth-works 
as indicated by the growth of the flood-plain. 

The first enquiry will be about the so-called elephant efligy 
which we referred to in one of our former papers. This efligy is 
on the flood-plain, one of the very few which have been discov- 
ered on this plain. The question which we ask is, was it an ele- 
phant which was thus built in effigy on a plain which is now oc- 
casionally covered with water s as to be cotemporaneous with 
the ancestors of the Hunter Indians ? The effigy of the elephant 
seems to have met the same fate in Wisconsin which the rotunda 
mound has in Ohio. The flood has come up occasionally and 
washed his feet and his proboscis until his form is obscured be- 
yond recognition. The clover was to be seen growing on the 
form when we last saw it, the water of recent freshets having 
drowned out all the clover vegetation in the swale where he lay, 
but for the life of us we could not tell whether the effigy was of an 
elephant, a bear or some other huge animal We, however, con- 
cluded that the effigy must have been comparatively recent for the 
flood-plain must have been constantly covered with water not a 
very long time ago ; that is, as we reckon time in the history of 
extinct animals. Our opinion is that the Cherokees built their 
burial-mounds on the flood-plain of the Scioto in Ohio about the 
same time that the Winnebagoes built a bear or buffalo effigy on 
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the flood-plain near Wjalusing, in Wisconsin, and that neither of 
them were very ancient This, however, cannot be said of the 
village enclosures of Ohio nor of the pyramids of the south, for 
these mounds seem to be now far beyond the reach of floods, and 
hence older. 

Still we have this significent fact that there are in the Daven- 
port Academy some elephant pipes and a tablet with some figures 
which resemble elephants. Davenport is near the mouth of the 
DesMoines, not very far from the great Meredosia slough and a 
little south of Muscatine lake. Now these are all surrounded and 
full of the late floods and can perhaps be called the last part, or 
the lowest part, of the flood-plain. No mounds are found on this 
low ground. But it is claimed that the mound from which the 
tablet was taken is on the low ground, which might be considered 
the river bench, only eight feet above high water. Now shall we 
take this as evidence? The members of the academy maintain 
that the elephant pipes are genuine. Shall we put the mounds 
on the river bench back so far as to allow the elephant or the 
mastodon to have been present, or shall we bring the mastodon 
up to the time when the river bench was eight feet above the 
water and when the elephant eflSgy was frequentlj' submerged? 
Let us see where this will lead us in reference to the other mound 
builders and their antiquity. The hunter-tribes of which we are 
now speaking are the very last of the prehistoric mound builders; 
there were other tribes which preceded them by many years, per- 
haps by centuries. We grant the point about the mastodon for 
the sake of the argument. Then it makes the mound builder 
to precede the appearance of floodrplain and the disappearance of 
the mastodon. 

We now turn to the mounds of the flood-plains as compared with 
those on the bluflTs. Here we quote from the geological report 
of Minnesota. Mr. Wm. Colvill says, '*The Assiniboines, the 
Omahas, the lowas and the Siouxs successively dwelt along the 
river in this county ( Goodhue ). All the mounds on the edge of 
the high bluffs are different from those of the terraces and those 
on the terraces different from those on the river-bench. All the 
mounds on the river-bench were said by the Sioux to belong to 
the Assiniboines. The dwellings were constructed by digging pits 
and placing posts or supports inside and covering the whole 
with brush and earth. In case of death within the dwelling 
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was completel}' filled with earth, thus burying the house and 
all. All these mounds show the hearth as a burned clay bottom 
with charcoal and ashes. The terrace-mounds were built when 
the flood-plain was covered with water and when the lake reached 
the base of the bluffs. The mounds on the bluffs were generally 
loose piles of stones having circular openings or hollow cones 
high enough for a man to stand erect. They may have been look- 
outs or war towers. The lowas and the Omahas came here after 
the expulsion of the Assinibolnes. They had villages at Lake 
Pepin. There are mounds at Lake City which are said to have 
been built by the Omahas. There are game drives. The Oma- 
has were driven out of the state by Red Wing and by Wabasha. 
There are large mounds at Belle Creek in the shape of effigies on 
an isolated knob, one in the shape of a turtle. " 

The writer has discovered the same succession of mounds in 
Wisconsin and other places. Here the latest were nearest the 
water, those earlier were on the terrace above and the earliest of 
all on the top of the bluffs. These were effigies. The mound 
builders proper were in the country when the flood-plains were too 
wet to admit of access. But the Indians came and encamped on 
these flood-plains, leaving shells and hearths andcdebris near the 
water after the water had subsided. A succession of mound 
builders filling up the gaps and making the terraces the places 
where they built their mounds. 

Here, then, we have the same story as before ; some of the 
mounds were built since the flood-plain was dry, or comparatively 
so,* these being cotemporaneous with the later Indians, and some 
of them built when the water was over the terraces and near the 
bluffs, evidently built by the earlier mound builders. 

Let us go down the river farther and look at another class of 
works. We find a flood-plain but it seems old, and the works on 
it even older than the plain itself. We can imagine how the hunter 
kept out of the way of the flood and yet built his burial-mounds 
on the bluffs adjoining the swamps and lakes. But what shall we 
say about the agriculturist who built his pyramid on the flood- 
plain itself? Here is the Cahokia mound; it is 100 feet high, 
has a terrace 300 feet wide, and fifty deep. It is attended by 
sixty or seventy other mounds similar in shape and size. These 
mounds are all on the great American bottom; that bottom is a 
flooil-plain; it is a flood-plain which is now rarely overflowed. The 
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writer had the privilege of visiting this loound in company with 
Hon. Wm. Collins who spent his youth at Collinsville near this 
mound. He informed me that, in the year 1840, this American 
bottom was overflowed and that steamboats floated over it in res- 
cuing cattle and men, and landed their cargoes at the foot of the 
bluff three miles from the group of mounds. There has been no 
overflow for fifty years and the land is now as dry as the prairie. 
It is covered with fine farms and the mounds are covered with 
farm-houses and bams, and outhouses, many of them being large 
euough to accommodate all these and give room for the kitchen 
garden besides on the summit. Now the point which we make is 
this: if the hunter mound-builder built his burial mounds before 
the time of the disappearance of the elephant or mastodon, and 
the agriculturist built his p}Tamid upon the flood-plain as a place 
for an agricultural settlement, how long ago was the mound builder 
living and filling the scene with his activities? These pj^ramids 
were perhaps built while the bottoms were subject to overflow. 
Perhaps it would be called a city of the mound-builders, but it 
was a city which in some respects resembled the palafittes or lake 
villages of Switzerland, <*a lake dwelling" on dry land a part 
of the time, and a palafitte in an overflowed district the other 
part. The bottom lands extend for eighty miles north and south 
and are in places some eight and ten miles wide, and are covered 
with a number of mound-builders' villages similar to the one de- 
scribed .... The same fact is also perceptible in the pyramids at 
Seltzertown and in Bolivar county, Miss. 

The drainage of the flood-plain has occurred since the pyramids 
were built. The pyramids are really older than the flood-plain. 
The height of the platforms and of the levees or long walls is sig- 
niflcant here. In looking over the works we learned that the 
terraces were all at least twenty feet above the level of the ground. 
The majority were three times that hight — or were so originally, 
for many of them have been graded down to make foundations 
for the farm-houses. Now take a vast plain covered with large 
farms and villages scattered over it and not a flood that has cov- 
ered it since 1840 and then put water over it twenty feet with the 
inhabitants crowded on the summits of their pyramids or crowded 
on the terraces looking down on the wide spread flood, and you 
have a picture of the two ages, the historic and the prehistoric, 
and the contrasts between the two. As to the Buffalo having 
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been prevalent at this time, we leave that to conjecture and to 
tradition. 

Gen. Claiborne in his history of Mississippi says that the tradi- 
tion was common among the Choctaws that a race of giants 
formerly existed at the south and that they used herds of mam- 
moths as beasts of burden. These herds devoured everything and 
broke down the forests. The last animal of the kind had his home 
on the Tombigbee. The Great Spirit struck him several timea 
with the lightning. But he presented his head to the bolt and 
it glanced off. Annoyed by this, he fled to the Mississippi and 
with one mighty leap cleared the stream and fled to the west. 
Here we have a tradition of the buffalo which formerly roamed as 
far south as Florida. 

We now return to the flood plain in southern Ohio. Here the 
villages were attended with covered ways and canoe landings, etc. 
and these covered ways, all of them, end at the edge of the 
terraces but the water has gone, and the land is high and dry .... 
This occurs so often that it ceases to surprise us. We find it at 
Piketon, at Hopeton, at High Bank, at Newark, at Marietta and 
in fact at every place where there is a covered way. . . .The hight 
of the terrace above the water varies with localities but it is about 
equal to the hight of the platforms at Cahokia and ranges from 
thirt}' to forty feet. The following are some of the figures given 

by Squier and Davis At Piketon the graded way ends at a 

point half a mile from the river, and there are between it and the 
river two terraces each twent}- feet high. The evidences are, how- 
ever, that the river **once flowed at the foot of the graded way." 
At Marietta the grade runs from the upper terrace to a lower one 
680 feet long and 150 wide; the hight on which the same enclos- 
ure is found is from 40 to 60 feet above the bottom land, and 
the bottom land is from 35 to 40 feet above the water of the river. 
The graded way ends at a distance of several hundred feet from 
the water's edge though * * it is supposed that when they were built 
the water flowed at the edge of the terrace. " At Hopeton the 
covered way formed of parallel walls runs from the village en- 
closure to the river about half a mile, and is one hundred and fifty 
feet wide. The walls terminate at the edge of a terrace, * * at the 
foot of which it is evident the river once ran, but between which 
and the present bed of the stream a broad and fertile bottom now 
intervenes." At Seal township the square and circle are upon 
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the terrace, but the circle is partially obliterated by the wash of 
the river which formerly flowed near, but is now at a « *long dis- 
tance;" the ancient bed is distinctly seen at the foot of the ter- 
race. " The cedar bank works are, on a steep precipitous bank, 
just above the river, at a hight of about eighty feet, but the wall 
on the river side has been entirely obliterated, showing that much 
time had elapsed since the works were deserted. At High Bank 
the works are seventy- five feet above the river but they extend 
half a mile south. . . The works at this point have been washed and 
obliterated by the river, though its bed is now a long distance 
from the works. A series of works on Paint creek show the same 
changes. One village was then almost obliterated by the river 
but the river is now over a mile away. At Newark there is a 
graded way which formerly ran out to the water's edge but it ends 
on dry ground, while the covered way on the other side of the 
village which formerly reached the water now terminates on a 
wide bottom and the water is at a long distance away. The same 
is true of the walls at Portsmouth. These formerly extended to 
the river from the works on the upper terrace across both ter- 
races, and were seven miles in length. They were so arranged as 
to give the idea of ferries connecting the sacrificial place with 
the sun symbol in one direction and the square enclosure in the 
other direction — ^three groups, two ferries and 24 miles of wall. 
The walls at Portsmouth have been encroached upon by the Scioto, 
which has changed its channel and turned toward the wall and 
now flows where the wall once stood. The works near Dayton 
were formerly on the same level where now a neat modem village 
stands. The great Miami however has so overflowed its banks 
since these works were deserted, that the circle which was farthest 
away, near the edge of the bluffs, has been washed away and 
parts of it are not to be seen. The modem village lies entirely 
between this circle and the river, but the modem village is never 
flooded. 

These facts are signiflcant The rivers might have sudden 
freshets and so change their channels and make great havoc with 
the earth works, but where the land has become so dry and high 
that white men place their farms, build their houses and erect 
their villages on it, we may judge that much time has passed. We 
cannot look upon the earth- works as so recent as some would 
make them. 

32 
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As to the beginning of the mound-builder period we will give 
a few facts. In the last number of the Popular Science Monthly 
Mr. J. F. James has given us a diagram of the old ice dam and 
of the lake Ohio which was caused by the glacier which is sup- 
posed to have crossed the channel of the river here. Now there 
may be a difference of opinion about this lake and the dam, and 
yet there is a significance to the map. It is a map of the territory 
of the village mound builders^ the most interesting class of mound 
builders which we have. Of course this does not prove much in 
reference to their age, and yet the limits of their territory and of 
the so-called lake are the same. Here we place the reign of the 
mound builders. If the paleolithic people preceded the forma- 
tion of the lake, or were cotemporarj^ with it, the neolithic cop- 
per-using mound builders were subsequent to it. If the Indians 
of the hunter class were subsequent to the appearance of the bot- 
tom lands while the flood plains had become what they are, the 
village mound builders preceded them by many years. In this 
way we read dates into our Archaeological records. We have the 
limits marked by geological changes. 

The close of the mound building period. Dr. Thomas has investi- 
gated a mound in the Scioto valley which was swept by the floods. 
.... This mound is near a series of earth works which are called 
the Baum works situated on the lower land in the vicinity of 
Chilicothe, Ohio. The argument is that as this mound was so 
near the village enclosure, and as it contained some peculiar 
chambers which resemble the rotundas of the Cherokees, the vil- 
lage mound builders were Cherokees, a comparatively modern 
people. This, however, is the very point which we doubt. The 
evidence is that Ohio was overrun by a succession of races or 
tribes and that the early race of sun-worshippers who built walled 
villages and graded ways and dance circles, and sacred enclosures 
for burials, never placed their mounds on the flood-plain, but al- 
ways on the upper terraces ; but the Cherokees having been a 
later race would naturally place their works as did all late tribes 
on or near the flood-plains. 

The growth of the flood-plain in this locality' seems to have 
been at the expense of the terrace on which the majority of the 
village mound builders placed their enclosures, and so the de- 
struction of the terrace may be regarded as a measure of the time 
which has elapsed since the villages were deserted. We find the 
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works of the mound builders sometimes associated with the flood- 
plain, but the association was more ancient than the proximity of 
the village was to the water which formerly covered the plain. 
Formerly the waters flowed peacefully at the foot of the terrace 
on which the villages were built and the covered ways ran eagerlj- 
to meet them. Between these covered ways we imagine the peo- 
ple to have frequently passed, all of the time relying on the earth- 
wall to protect them from every lurking foe. We imagine also 
that the canoe navigators frequently lan(}ed on the grades or in- 
•clines and drew up their canoes, quite secure in their feeling that 
the friendly stream would not make an onslaught and carry them 
away. But by and by, for some reason, this ver}' water which 
was so full and strong began its uncertain, unstable course. It re- 
tired from the foot of the terrace, it shrunk away from the vil- 
lages, it began to flow in the narrow channel, but it was constantly 
rising and overflowing its old flood-plain, and then the havoc be- 
gan. The river not onl}^ deserted the villages but it turned 
■against them and began to even undermine the defenses, and the 
walls were soon opened and wide gaps appeared in the enclosures. 
The villagers, however, had gone before this occurred, for there 
seems to have been no repairing bf the breaches and the water was 
allowed to do as it would. 

In two remarkable cases it so happened, however, that after 
the villages on the terraces were deserted, and after the flood-plain 
was sufficiently dry for a later tribe to build its earth-work or its 
rotunda, then the earth-work appeared which Dr. Thomas calls 
the Cherokee monument. This is our argument; the village 
of the sun-worshipper on the terrace, and the rotunda or tomb or 
whatever it is on the flood-plain, were not really the work of the 
same people, but that the havoc of the flood against the terrace 
and the drainage of the same plain all took place since the < < lost 
race" made its appearance and took its departure. 
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Chemical and Qeological Essay 8. By Thomas Sterry Hunt. Third 
edition, with a new preface, pp. XLVI and 489, 8vo, 1891. Scientific 
Publishing Co., New York. The chapterL of this book are as follows : 
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Theory of igneous rocks and volcanoes (1858); On some points in chem- 
ical geology (1859); The chemistry of metamorphic rocks (1863); The 
chemistry of the primeval earth (1867); The origin of mountains (1861); 
The probable seat of volcanic action (1869); On some points in dynami- 
cal geology (1858); On limestones, dolomites and gypsums (1858-66); The 
chemistry of natural waters; On petroleum, asphalt, pyroschists and 
coal; On granites and granitic vein-stones (1871-72); The origin of 
matalliferous deposits : The geognosy of the Appalachians and the origin 
of crystalline rocks ; The geology of the Alps ; History pf the names 
Cambrian and Silurian in geology ; Theory of chemical changes and 
equivalent volumes (1853);«The constitution and equivalent volume of 
mineral species (1853-63); Thoughts on solution and the chemical 
process (1854); On the objects and method of mineralogy (1867); Theory 
of types -in chemistry (1848-1861). The volume is dedicated to James 
Hall. 

Such topics, covering nearly the whole field of chemical geology, are 
discussed Jn Dr. Hunt's well-known style — a style which for breadth of 
learning and comprehensive scope, no less than for its penetrating, ap- 
prehension of the occult relations of chemical and dynamic forces, 
has caused his writings to be held among our highest speculative au- 
thorities on these subjects. The geological literature of the latter half 
of the nineteenth century will always bear a profound impress derived 
from the labors of Dr. Hunt. 

The Foa8il Insects of North AmerUxi, wUh notes on some European 
species. By Samuel H. Scudder. Vol. I. The Pretertiary Insects, 
pp. X, 455, with 35 plates. Vol. II. The Tertiary Insects, pp. 734, with 
map of the Tertiary lake basin at Florissant, Colorado, and 28 plates. 
(New York : Macmillan & Co. 1890.) A series of eighteen essays, origi- 
nally published in the Memoirs of the Boston Society of Natural History 
from 1866 to 1890, forms the first volume of this work, which is limited 
to one hundred copies. Bibliographic references and an index are added. 
The longest paper, which bears date of 1879, comprises 111 pages and 
treats of Paleozoic cockroaches, both North American and European ; 
ahd another paper of 46 pages, reviews the Mesozoic cockroaches. 
Winged insects are known to have existed during the Silurian period, 
but up to the close of Paleozoic time they were represented only by a 
generalized form, which had the front wings as well as the hind wings 
membranous. In the Mesozoic era, according to Mr. Scudder, ** a great 

differentiation took place, and before its middle all of the orders 

were fully developed in all their essential features as they exist to-day.'* 

The Second of these volumes was published last year as number XIII 
of the final reports of the U. S. Geological Survey of the Territories, 
which was conducted by the late Dr. F. V. Hayden. About a third of 
this volume, comprising the Arachnida, most of the Neuroptera, and the 
Orthoptera, was written during the years 1881 to 1884 ; but the descrip- 
tions of the Coleoptera, Diptera, Hymenoptera, and Hemiptera, the last 
being the most extensive group, were written during the two years im- 
mediately preceding publication. For the lower orders, all the Ter- 
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tlary species from all localities in North America are described, being 
as follows : Myrlapoda, 1 ; Araclinida, 34 ; Neuroptera, 66 ; Orthoptera, 
30 ; and Hemiptera, 266. The colleetions of the higher orders from the 
wonderfully rich insect-bearing beds of Florissant yet remain to be 
elaborated ; and for these orders the present volume contains only the 
species known from other localities, these being of Coleoptera, 112 (in- 
cluding 37 Pleistocene species); Diptera, 79; Lepidoptera, 1; and Hy- 
menoptera, 23. The total number of species thus described is 613, of 
which 575 are from Tertiary formations, mostly called Ollgocene, in 
Colorado, Wyoming, Utah, and British Columbia. Of the Pleistocene 
species, 26 were collected by Mr. George J. Hinds in the interglacial 
beds of Scarboro Heights on the north shore of Lake Ontario near 
Toronto, none of them identifiable with existing species ; and 11 others, 
likewise now extinct, were found in bone caves at Port Kennedy, Penn- 
sylvania. 

When the study of the Florissant collections shall be completed, they 
will add according to Mr. Scudder's estimates, about 425 species of 
Coleoptera, besides many Diptera and Hymenoptera. Seven butterflies 
from the Florissant beds have been previously described by Mr. Scud- 
•der in the Eighth Annual Report of the U. S. Geological Survey ; and 
since then another species of exceptional importance has been found. 
There are also probably eight species of Florissant moths. 

The Florissant lake basin lies at an altitude of about 8,000 feet in a 
narrow valley of the Front Range of Colorado, near Pike's Peak. Its 
length is 7 or 8 miles, with a maximum width ot \% miles. Its sedi- 
ments attain a thickness of 50 feet or more, and consist of volcanic sand 
and ash, with which, in the upper half, myriads of plants and insects 
are entombed. The layer in which the insects are most abundant and 
best preserved has a thickness of about two feet. Lesquereux concluded 
from his Investigation of the fossil flora that the climate at the time of 
deposition of these beds was much warmer than now, being nearly as at 
present on the northern shores of the Gulf of Mexico. The few fishes 
found in the same lacustrine deposits also indicate, according to Cope, 
a warm temperate climate ; and the Insects, as Mr. Scudder believes, fully 
sustain this opinion. No very definite determination of the age of the 
strata has been reached, but they are referred provisionally to the lower 
Miocene or Ollgocene. Only slight disturbances have taken place since 
their deposition, for they are still horizontal In their northern part, 
while their southern part has been uplifted so as to give a northward dip 
of about two degrees. The inclination caused the lake to be emptied, 
and since then subaSrial erosion has channeled the basin mostly to a 
depth of 30 or 40 feet, removing the greater portion of its fosslliferous 
beds, but leaving plentiful remnants of them along Its shores and about 
its islands. 

In this branch of paleontology, Mr. Scudder has been almost the sole 
worker on this continent, and the present volumes well attest his in- 
dustry and the wealth of his materials. 
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Terttai^ and PoslrTertiary changes of the Atlantic and Pacific coasts ; 
with a note on the miUiial relations of land-elevation a/nd ice-o/ccumulation 
during the Quartemary period. By Joseph Le Conte. Bulletin of the 
Geological Society of America, Vol. ii., pp. 323-330, with one figure ; 
March 16, 1891. The submarine continuations of the channels of the 
St. Lawrence, Hudson, Deleware, Susquehanna, and Mississippi rivers 
are cited as proof that the Atlantic coast of North America was up- 
lifted during the Pliocene period, attaining, probably in the early part 
of the Quartemary, an altitude of 2,000 to 3,000 feet above its present 
hight. Its northern coasts were also uplifted, as shown by fiords. 
The elevation of British Columbia, according to Dr. G. M. Dawson, was. 
at least 900 feet. That it may have greatly exceeded this amount, is in- 
dicated by the submerged channels discovered on the coast of California 
by Prof. George Davidson of the U. S. Coast Survey. Not less than 
twenty of these sunken fiords have been found between Cape Mendocino 
and San Diego, within a distance of about 700 miles, some of them 
reaching depths of 2,000 to 2,500 feet. Like the Hudson submarine 
channel and fiord, these have all the distinctive features of subaSrial 
erosion, and they are regarded by Prof. Le Conte as decisive evidence 
that this part of the continental plateau has been greatly uplifted, sim- 
ilarly with its eastern portion and probably at the same time. The 
submarine channels of California, however, are not continuations of the 
present rivers, and none exist opposite to San Francisco and the Golden 
Gate. Professor Le Conte therefore suggests that the drainage of the 
great valley of California during Pliocene time probably passed into the 
sea farther south by a deeply submerged channel which is traced by 
oundings in the Monterey bay. Orogenic movements, accompanying 
the Quaternary subsidence of the coast, have turned this outlet through 
the Golden Gate. Others of these submerged channels seem to have 
been cafions formed by short streams in their descent from the western 
slope of the Coast Range when it was raised with the whole region far 
higher than now. 

In a supplementary note, the author concludes that the Pliocene eleva- 
tion of the continent culminated in the early Quaternary, and was one 
of the causes of the ice-accumulation ; that the load of ice caused sub- 
sidence below the present level ; that the removal of the ice was the 
cause of the re-elevation to the present condition ; out that all these 
effects lagged far behind their causes. 

Composition of certain MesozoiQ igneotis rocks of Virginia, By H. D. 
Campbell and W. G. Bbown. Bulletin, G. S. A., vol. ii., pp. 339-348 1 
March 18, 1891. Two exceptional varieties of the otherwise remarka- 
bly uniform eruptive rocks occurring in the Mesozoic belt of our Atlan- 
tic border are described, with analyses^ under the names hypersthene- 
diabase and olivlne-hypersthene-diabase. The former is known at lo- 
calities in Virginia, New Jersey, and Pennsylvania ; but the latter has 
been noticed at only one locality, near Rapidan, Culpeper county, Va. 

The Cinnabar and Bozeman coal fields of Montana, By Walter 
Harvey Weed. Bulletin, G. S. A., vol. ii., pp. 349-364, with a plate 
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and two figures; Marcl^lS, 1891. Bituminous coal of excellent quality 
is mined both in the Cinnabar field, which occupies a small area on the 
Yellowstone river just below the National Park, and in the Bozemau 
field, which lies some forty miles farther north and is of large extent, 
its coal-bearing strata having been traced about 100 miles. Mr. Weed's 
work during the past year for the U. S. Geological Snrvey shows the 
identity of the coal measures in these areas, and from paleontologic 
evidence they are referred to the base of the Laramie series. It is 
noteworthy that the coal of the Bozeman field often rests directly on a 
sandstone floor, without any intervening layer of fire-clay. The floor is 
sometimes very uneven, with the coal fllling its depressions ; but the 
roof is generally even and regular, and is usually a firm and compact 
sandstone, needing only a small amount of timbering. Analyses of 
these coals indicate a low percentage of ash and water, and the com- 
plete absence of sulphur has led to their 'extensive use in the manufac- 
ure of coke. In this region the thickness of the marine Cretaceous 
formations between the lower coal seams and the Jurassic limestones 
and shales is about 3,600 feet. 

On the recognition of the angles of crystals in thin sections. By Al- 
fred C. Lane. Bulletin, G. S. A., vol ii., pp. 365-382, with one plate ; 
May 4, 1891. This strictly technical paper, which forms a part of the 
author's work for the Michigan Geological Survey, presents methods of 
determining graphically the locations of the random sections of miner- 
als under the microscope. 

Johns Hopkins University Scientlflc Expeditions, The University Cir- 
cular No. 89, for June, contains the reports of the scientific expeditions 
into southern Maryland ; the party, which was composed principally of 
the students of the University and the members of the U. S. Geological 
Survey, was under the leadership of Dr. W. B. Clarke, of the University, 
and Mr. W. J. McGee. The Eocene and Neocene rocks were the ones 
principally examined ; one section of Neocene between Cove and Drum 
points being particularly fossiliferous, yielding about thirty species. 
There are also reports on the agriculture by Milton Whitney and one on 
the archeology by W. H. Holmes. 

Remarks on the reptiles generally caUed Dlnosatiria, By G. Baur, 
Clark University. (Am. Natl. 35, May, 1891, pp. 434-454.) 

Dr. Baur reviews this group from Owen's ** British Fossil Reptiles" 
to the present date and concludes that as at present arranged they form 
an unnatural group. He states, and his evidence and summing up of 
the different families fully sustain his view, that ^* The group generally 
called DinQsauria is an unnatural one, which is composed of three 
special groups of archosaurlan reptiles, without any close relation be- 
tween each other. The Dinosauria do not exist. The so-called Dino- 
sauria contain three groups of reptiles, which ought to be called Iguan- 
odontia, Megalosauria, and Cetiosauria." He then proceeds to give the 
distinctive characters of these three groups and finally their geological 
distribution. Do we understand that Dr. Baur would eliminate the 
order Dinosauria? On page 447 *** * * the study of the skull alone 
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would be sufficient to show that the Dlnosauria is an absolutely un- 
natural group without any right to existence; it shows that the three 
members, Iguanodon, Diplodocus and Ceratosaurus belong to three dis- 
tinct groups of Monocondylia, with very little relation to each other." 
In a foot note on page 450, Dr. Baur says: ** * * Ceratops Marsh is the 
same as Monoclonius Cope, as I know from actual study of the types. 
That Agathaumas Cope is the same as Triceratops Marsh will be ad- 
mitted by everybody who will compare the original plates of the sac- 
rum, dorsal vertebrae and the ilium of Agathaumas by Cope with those 
of Triceratops given by Marsh. I think that Macellognathus Marsh 
which has nothing whatever to do with the Testudinata, belongs to this 
family (CoeluridsB) and to Coelurus.*' 

A remarkably important addition to this subject and a discussion of 
inestimable value. 

Two New BeptUes. H . G. Seelet. (Quart. Jour. Geol. Soc. XLVII, 
pi. 2, 1891, pp. 164-170.) 

Agrosaiirus VMcgillivrayi, — ^Thls is described as a saurischian reptile 
from the N. E. coast of Australia. The specimen has been in the Brit- 
ish Museum since 1879, and as it was collected in 1844, has remained 
undescribed forty-six years. The reptile is named from a complete left 
tibia, portions of the right tibia, fibula and claw phalanges. The ani- 
mal was about the size of a sheep and is supposed to have come from 
the Lower Oolite or the Trias. The shaft of the tibia is slender, proxi- 
mal end enlarged and curved backward, a slight development of the 
cnemial crest; distal end uniformly increases in size and a moderate 
excavation of the distal articulation on the inner side. 

Saurodesmvs robertsoni, — A crocodilian reptile from the Rhastic of 
Liuksfield north of Elgin. This is represented by one bone, apparently 
a humerus, which the author terms a **very unsatisfactory specimen.*' 
The bone was originally about 10cm. long. The description of this one 
bone is not conclusive and leaves some doubt as to the true position of 
the reptile, as according to Lydekker^s description of the same speci- 
men, it has Chelonian features. 

The Geology of the Barbados. By A. J. Jukks-Browne, Esq., F. G. 
S. and Pbof. J. B. Harrisons, M. A., F. G.S. (Quart. Jour. Geol. Soc. 
XLVII, pt. 2, May 1891, pp. 197-243). This is an important contribu- 
tion, especially to the structure of the coral reefs, which naturally forms 
the chief component of the paper; there are two appendices by W. H. 
Hill, Esq., F. G. S. on the Microscopical Structure of samples from 
Barbados and Jamaica. 

A Bevteio?i of the Cretaceous Echiivotdea of N. A. Dr. W. B. Clark 
contributes to Johns Hopkins University Circular for April a brief pre- 
liminary notice of the Echinoidea of the Cretaceous, in which twenty- 
one new species' are described, principally from Texas and New Jersey. 

Important New Mineral Locality. — Dr. G. H. Williams announces and 
describes anglesite, cerussite, galenite and native sulphur from the 
Mountain View mine near Union Bridge, Carroll Co., Md. (Johns Hop- 
kins Univ. Cir. April, 1891, p. 73). 
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The Jotemal of Morphology announces the forthcomlnfc volume v to 
contain among other articles, two by Prof. Scott of Princeton **0n the 
Osteology of Poebrotherium *' and ^* A Ck)ntribution to the Phyllogeny 
of the Tylopoda." 

An Introduction to the Study of Mammals, Living and Extinct, By 
William H. Flowkb, C. B., F. R.S., etc., and Richard Ltdekkeb, 
B. A., F. G. S., London, Adam and Charles Black, 1891, pp. xyi-f-763. 

Aids in Practical Geology, By Orenville A. J. Ck)LE, F. G. S. pp. 
xiv-f-402, London: Griffin &Ck).; Philadelphia, J. B. Lippencott Ck>. 1891. 

BeitnS^e zur Oeologie und Paldontologie der RepubUk Mexico, Von 
Br. J. Felix nnd Dr. H. Lenk. I Theil, se. 114. Leipzig: Arthur 
Felix. 

FossU Insects of North America, By Sahtjel H. Scuddeb. Vol. I,* 
Pretertiary pp. x+435, 34 plates and Vol. II Tertiary, pp. 743, 28 plates. 
New York: Macmillian & Ck). 1891. 

A Catalogue of British Fossil Vertebrata, By A. S. Woodward, F. 
G. S., and C. D. Sherborn, F. G. S. pp. 396. London: Dulau & Ck>. 
1891. 

Tables for the determination of minerals by their physioai properties^ as- 
certainable uoith the aid of a few field instruments, based on Uie system of 
Prof. Dr. Weisbach. By Pebsifob Fbazeb ; Third edition, entirely 
rewritten. 12 mo. 115 pages. 1891. J. B. Lippincott Company, Phila- 
delphia. 

Irrespective of the contents of this little volume, its external appear- 
ance invites to its careful examination. It is bound in flexible-leather 
cover, presenting the impression of a handy and durable vademecum for 
the actual student of minerals. More restricted in its scope than the 
^* Determinative mineralogy and Blowpipe " of Brush, the ** Rock-form- 
ing minerals" of Rutley, and the ''Practical Guide to the determination 
of minerals by the blowpipe," of Fuchs, it has a definite purpose which 
is not deviated, from and which brings it into the curriculum of almost 
daily necessities of the young field-geologist. By their metallic lustre, or 
their want of it, all minerals are here classified, there being an inter- 
mediate class having a '* sub-metallic and non-metallic lustre.'* Those 
with metallic lustre are separated by their color at once into red,yellow, 
white, gray and black. The intermediate class is again divided accord- 
ing to their streak, whether it be black, brown, red, yellow, green or 
blue. Those with non-metallic lustre and a light streak are separated 
into five parts, viz: very sectile, sectile, semi-hard, hard and very hard. 
In this last group evidently fall the great mass of rock-forming and as- 
sociated minerals, and here the value and aptness of the short descrip- 
tions of the double pages, arranged in columns,at once become apparent. 
With a small kit of simple apparatus, and by the aid of these distinc- 
tions, there may be made at least preliminary determinations of nearly 
all the minerals which the geologist may encounter. 
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LIST OF RECENT PUBLICATIONS. 



I. State and Government Reports. 

Tenth Annual Report of the State Mineralogist of California for the 
year ending December, 1890. 

Fourth Annual Report of the Canadian Institute, session of 1890-91. 

On vertebrata from the Tertiary and Cretaceous rocks of the North- 
west Territory, by E. D. Cope. Geol. Surv. Can. 

Reports of the Director and Treasurer of the Michigan Mining School, 
1886-91. 

Letter from the Sec. of Agric. transmitting a report on the prelimi- 
nary investigations to determine the proper location of artesian well& 
within the area of the 97th Mer. and east of the foot-hills of the Rocky 
Mts., by J. M. Rusk. 

Progress Report on Irrigation in the United States, Part I, by Richard 
J. Hinton, Washington. 

Progress Report of Artesian and Underflow Investigation between the 
970 W. Long, and the foot-hills of the Rocky Mts., Part II, by Edwin 
S. Nettleton, Washington. 

Biennial Report of the State Geologist. Geol. Sur. Mo., Arthur Wins- 
low. 

Tertiary Insects of North America, by Samuel H. Scudder. Roy. 8vo. 
pp. 734, U. S. Geol. Surv., Washington. 

II. Proceedings of Scienttflc Societies, 

Prceed. Amer. Acad. Arts and Sci. New series Nol. XVII. From 
May 1889 to May 1890. 

Report and Proceed. Belfast Nat. His. and Phil. Soc, for the session 
1889-90, contains notes on the musical sand of Eigg, by J. Brown, Esq ; 
Some notes on the Upper Boulder Clay, near Belfast, by Robt. Youngs 
Esq,, C. E. 

Jour. Ellsha Mitchell Sci. Soc. 1890, contains: Mineralogical, Geo- 
logical and Agricultural Surveys of South Carolina, J. A. Holmes. 

Proceed. Kan, Acad. Sci. Vol. XII, 1889-90, contains: Artesian 
Wells in Kansas and the cause of their flow, Robt. Hay ; Occurrence of 
mammoth remains in Franklin county, Kansas, O. C. Charlton ; Occur- 
rence of gold in Montana, J. R. Mede ; Kansas meteorites, F. H. Snow. 

Proceed. Acad. Nat. Sci.. Phil. 1881, Jan.,-Mar., contains; Rate of 
coral growth, Angelo Heilprin ; Basanlte from Crawford Co., Ind., E» 
Goldsmith ; Paleeosyops and allied genera, Chas. Earle ; The sand- 
stones of Chester Valley, Penn., Theo. D. Rande; On the age of the 
Peace Creek beds, Florida, Wm. H. Dall ; A review of the Cretaceous 
mammalia, Henry F. Osborn ; Geological reseaches In Yucatan, Angelo 
Heilprin. 

Transactions of the Canadian Institute, Mar. 1891, contents : Pclo- 
techthen balanoldes, Arthur Harvey ; Formation of Toronto Island, L. 
J. Clark. 

Bui. Santa Barbara Soc. Nat. His., Vol.1, No. 2, Oct. 1890. 
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Bui. Amer. Geograph. Soc, Vol. XXIII, No. 1, March 31, 1891, Mam- 
moth Cave, Kentucky, Rev. H. C. Hovey. 

The Total Eclipse of the Sun, Jan. 1, 1889. A report of the observa* 
tions made by the party at Norman, Cal. Pub. by Acad, of Sci. St. 
Louis. 

Transactions of the Edinburgh Geol. Soc. Vol. II, Part II, 1890. 

III. Papers in Scientific Jov/mala. 

The Canadian Record of Science, Montreal. Vol. IV, No. 5, 1891, con- 
tains: Clay Concretions of the Connecticut River, Miss J. M. Arms ; 
Note on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and Kentucky, Sir J. W. Dawson and Prof. Penhallow ; The Com- 
position of the Ore used, and of the Pig Iron produced at the Radnor 
Forges, J. T. Donald ; On some causes which may have influenced the 
spread of Cambrian Fauna, G. F. Matthew ; The Australasian Ass. Adv. 
Sci.; Proceedings of the Society; Proceedings of the Microscopical 
Society. 

The National Geographic Magazine, Vol. Ill, Mar. 28, 1891 : South 
America, by Gardiner G. Hubbard, being the annual address by the 
president. 

Am. Jour, of Sci,, April No, AUotropic silver, M. Carey Lea ; Phe- 
nomenon of rifting in granite, R. S. Tarr; Red sandrock of Marion 
> county, Iowa, C. R. Keyes ; Halotrichite or feather alum, from Pitkin 
county, Colorado, E. H. S. Bailey ; Crystallized Azurite, from Arizona, 
O. C. Farrington ; Xenotime as an accessory element in rocks, O. A. 
Derby ; Magnetite ore districts Jacupiranga and Ipanema Sfto Paula, 
O. A. Derby ; Pink gossularite from Mexico, C. F. de Landero ; Restora- 
tion of Triceratops, O. C. Marsh ; Development of the brachiopoda. 

May No, Relation of the Pleistocene to the pre-Pleistocene of the 
Mississippi basin, south of the glaciation limit, T. C. ChamberUn and R. 

D. Salisbury; Age of the Saganaga syenite, H. V. Winchell ; Contribu- 
tions to mineralogy, No. 50, F. A. Genth, with crystallographic notes 
by S. L. Penfield and L. V. Pirsson ; Ditto, No. 51, F. A. Genth ; Colum- 
bite of the Black Hills, W. P. Blake ; The raised reefs of Fernando de 
Noronha, H. N. Ridley ; Cause of active compressive stress in rocks, 
and recent rock fluxures, T. M. Reade ; Phosphates from the Black 
Hills, W. P. Headden ; Supplementary Notice on the Polycraseof North 
and South Carolina, W. E. Hidden and J. B. Mackintosh. 

June No, The study of the earth*s figure by means of the Pendulum» 

E. D. Preston ; Post-glacial history of the Hudson river valley, F. J. H. 
Merrill ; Alunite and diaspore, from the Rosita Hills, Colorado, Whitman 
Cross ; Diaspore crystals, W. H. Melville ; AUotropic silver, M. Carey 
Lea ; Notes on the submarine channel of the Hudson river, and other 
evidences of Post-glacial subsidence of the middle Atlantic coast region, 
A. Lindenkohl ; Are there glacial records in the Newark system ? I. C. 
Russell ; Recent eruption of Kllauea, W. T. Brigham ; Turquoise in 
southwestern New Nexico, C. H. Snow. 
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IV. Excerpts and Individual Pvblications. 
Composition of the till or boulder-clay, by W. O. Crosby. Pro. Bos. 
Soc. Nat. Hist. Vol. XXV, 1890. 
The Madison bonlder, by W, O. Crosby. Appalachia, Vol. VI, No. 1. 
The Kaolin in Blandford, Mass., by W. O. Crosby. Tech. Quart., Vol. 

III, Aug. 1890. 

A new pleslosaur from the Niobrara Cretaceous of Kansas, by S. W. 
Willlston. 

A revision of the Cretaceous Echinoidea of North America, by William 
B. Clarke. Johns Hopkins Univ. Cir., No. 86. 

Anglesite, cerussite and suphur from the Mountain View lead mine, 
near Union bridge, Carroll county, Md., by Geo. H. Williams. Johns 
Hopkins Univ. Cir. No. 87. 

Time-reckoning for the twentieth century, by Sanford Fleming, C. M. 
G., L. L. D., C. £., etc. Smithsonian Rep. 1886. 

Elementary geology, by Chas. Bird, F. G. S., pp. 248, 13mo. Long- 
mans, Green & Co., London. 

Descriptions of some new species of fossils f^om the Devonian rocks of 
Manitoba, by J. F. Whiteaves. Trans. Roy. Soc. Can. Vol. VIII, Sec. 

IV, 1890. 

Illustrations of the fauna of the St. John group. No. V., by G. F. 
Matthew. Trans. Roy. Soc. Can. Sec. IV, 1890. 

The history of volcanic action in the area of the British Isles, being 
the anniversary address to the geological society of London on Feb. 20, 
1891, by Archibald Geikie, F. R. S., President; Quar. Jour. Geol. Soc. 
London. Vol. XL VI I. 

Foraminifera and Radiolaria from the Cretaceous of Manitoba, by 

Joseph B. Tyrrell, M. A., B. Sc. Trans. Roy. Soc. Can. Vol. VIII, Sec. 

IV, 1890. 

V. Foreign Publioatums. 

Annales de la Soc^it^ Gtologiquc du Belgique. 1890. Tomes XVI 
and XVII. 

Records of the Geo). Sur. New South Wales, Vol. II, Parts I and II, 
1890. Dept. of Mines, Sydney. 

The Mesozoic and Tertiary insects of New South Wales, by R. Ethe- 
ridge, Jr., and A. Sidney OliflP. Memoirs of the Geol. Sur. New South 
Wales, C. S. Wilkinson, F. G. S., geological surveyor-in-charge. Dept. 
of Mines, Sydney. 

Verhand. d. naturhist. Ver. (Bertkan), Bonn, 1890, zweite Hfilfte, 
contains : Ueber den Rhein in rOmischer und vorgeschichtlicher Zeit, 
Schaaffhausen ; Ueber die Braun Rohlenablagerungen im niederrhein- 
ischen Tertiarbecken, Hensler; Ueber die Goldfelder SQdafrikas, A. 
Scheuk ; Ueber alte Eisth()tigkeit und Gebirgsbildung in Skandinavien, 
Pohlig ; Ueber A Schenk, Glacialerscheinungen in SQdafrika ; und 
Uober die carbone Eiszeit. Rauff ; Ueber die Quecksilbcrlagstatte von 
Alniaden, gr^sster Silberkrystali, Rohlig. 

Verhand. d. nat. forsch. Gesellschaft in Basel ; Band IX, Heft I, 
1890, contains : Beitrag zur Keuntniss der Tertiarbildungen der Umge- 
bung von Basel, A. Gutzwiller. 
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Verhand. d. Gesell. fQr Erd. zu Berlin, Band XVIII, Nos. 2 and 3, 
1891, Georg Kollm. 

Dreissig. Bericht d. nat. wisseu. Ver. fQr Schwaben und Neuburg, 
frfther nat. hist. Ver. In Augsburg, 1890. 

Verhand. zool.— bot. Gesell. in Wien, Dr. Carl Frltsch, 1890, XL Band, 
III and IV Quart. 

Sitzungs. d. k. bOhm. Gesell. der Wiss. Math. — natur. Classe. II Halb- 
Jahr, 1890. Prag. contains : Ueber thierische AbdrQcke in der Stage 
C. c. der Silurformation, J. Kusta ; Ueber die Vegetation von Baja- 
Californien, Dr. J. Palacky ; Ueber die Krystall form des Tellurdioxyd 
und des basischen Tellursulphates, Dr. E. Vrba ; Ueber Reste mensch- 
licher Thatigkeit im Diluvium. 

Jahresber. d. Ver. flir Erd. zu Metz fflr 1889-90, contains : Eine 
Besteigung des Etna, Dr. Weigand. 

Annalen d. K. E. Naturhist. Hofmuseums, Dr. F. R. Von Haner, 
Bands V, No. 4. and VI, No. 1. 1890 and 1891. 

Jahresber. d. E. bOhm. Gesell. d. Wiss. flir 1890, Prag. 

Geo!. Mittheil. zu Budapest, Dr. Moriz Staub, Nov. and Dec. 1890, 
contains : Ueber das geologlsche Profil des Schemnitzer Ealser Fran- 
cisci Erbstollens, by Ludwig Cseh ; Zur Geologle des DJebel-Bu-Eornien 
Tunis, by Johann Janko ; Daten zur Geologle des Bakony, by Franz 
Schfarzik : Beltrage zur fossilen Flora der Umgebung von Munkacs, by 
Moriz Staub; Beitrage zur geologischen Beschaffenheit der Umgebung 
von Munkacs, by Julius Szadeczky. 

Gteol. Mittheil, zu Budapest, Dr. M. Staub und Dr. J. Szadeczky, Jan. 
and Mar. 1891. 

Bui. de la Soc. Imp. des Naturalists de Moscou, Prof. Dr. M. Menz- 
bier, 1890, No. 2, contains; Le Neocomien des Montagues de Worobiewo, 
A. Pavlow ; Ueber den Meteoriten von Turgaisk, E. Eislakowsky. 

Annual of the Norwegian Greol. Sur. ICrlstiana, 1890, contains ; 
Graptolite-bearlng schists in Vestre Gausdal, by E. O. Bjorlykky 
Felspar, quartz and mica, their occurrence and industral value, by J. P. 
Friis ; The granite quarries at the Idefjord, by Hans Reusch ; Glacial 
strisB and boulder-clay in Norwegian Lapponie from a period much 
older than the last ice-age, by Hans Reusch. 

Geol. Notes from the Diocese of Trondhjem, by Hans Reusch, Geol. 
Sur. Norway, 1890, Eristiana. 
Salten og Ranen, by J. H. L. Vogt, Geol. Surv. Norway, 1891, Eristiana. 

Euvahissement graduel de la mer eocenique aux Diablerets, Orlgine et 
age du Gypse et de la cornieule des Alpes vaudoises, Trangressivit6 
inverse, by E. Renevier, Bull. Soc. Vaud. Sc. Nat. vol. XXVII, p. 41. 



COEEESPONDENCE. 



Dbab Sib : I notice in connection with the announcement of the dis- 
covery of fish remains in the Lower Silurian rocks of Colorado, by Mr. 
C. D. Walcott, a statement that the Silurian fish of New Brunswick Dip- 
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lo^pts acadiea is referred to the Lower Helderberg group. Such Is not 
my understanding of the age of the bed in which it was found. It is 
stated in Trans. Boy. Soc. Can. Vol. VI, Sec. IV. p. 55, that this fish was 
found in dark carbonaceous shales which are beneath a group of beds con- 
taining a Niagara fauna, and that the shales are presumably of the age 
of the Clinton group. In the preliminary notice of this species it was 
said on the authority of Billings, that the fauna referred to above was 
a Lower Helderberg fauna, but Mr. Ami after examining more exten- 
sive collections than those sent to Mr. Billings said it was of Niagara 
age. 

My excuse for troubling you with this letter is a desire to have the 
species credited to its true horizon. G. F. Matthew. 

St John, N. B., May 13, '91, 



PERSONAL AND SCIENTIFIC NEWS. 



The Scientific meetings at Washington. The Am. Asso. 
Adv. Sci. will meet Aug. 19. The Geol. Soc. Am. will meet Aug. 
24,andthelnt Cong. Geol. will meet Aug. 26,aad continue to Sept 
2. These meetings will all be held in the rooms of the Colum- 
bian University, Cor. of 15th and H. streets. A large lecture 
room, smaller rooms for meetings of the councils, exhibition of 
maps, rocks, minerals, etc., have been courteously set apart by 
the Faculty of the University for this purpose. 

The Organizing Committee, Int Cong. Geol. proposes, besides 
the regular subjects of discussion, such as unfinished business of 
the former congress, reports of committees, etc. , that the follow- 
ing subjects be made special topics for the consideration of the 
congress at this meeting : 

I. Time correlation of the clastic rocks. 

1. Correlation by structural data. 

a. By stratigraphical data. 

h. By lithological data. 

c. By physiographical data. 

2. Correlation by paleontological data. 

a, liy fossil plants. ( a. By marine fossils. 

or ] 

b. By fossil animals. ( b. By terrestrial fossils. 
II. General geological color schemes and other graphic conventions. 

III. Genetic classification of the Pleistocene rocks. 

Aavard of Geological Medals. The Geological Society of 
London has awarded the various medals at its command to the fol- 
lowing persons : The WoUaston Medal to Prof. J. W. Judd, F. 
R. S. , for his work in Petrography and the balance of the fund to 
Richard Lydekker, Esq. , B. A. , F. G. S. , for his numerous and 
valuable contribution to Vertebrate Palseontology. The Murchi- 
son Medal to Prof. W. C. BrOgger of Christiania, and the balance 
of the fund to the Rev. Richard Baron, F. L. S. , F. G. S. , of 
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Antananarivo. The Lyell Medal to Prof. T. McKennj- Hughes, 
F. R. S., for his valuable services, especially among the older 
rocks, and the Lyell Fund to Dr. C. J. Forsyth-Major of Flor- 
ence, for his researches in the Pliocene mammalia of Val d'Amo. 
The Bigsby Medal to Dr. Geo. M. Dawson, F. G. S. , of Ottawa, 
for his researches into the geological structure of Canada. 

Professor Cragin has resigned the professorship of general 
natural history in Washburn College, and has accepted a call to 
the chair of geology in Colorado College. 

The Wheeling W. Va. , deep well. This well was bored for 
gas to a depth of 4,100 feet, by Ohio county. At this depth all 
hope of finding gas was given up, and the abandonment of the 
well was ordered. At the solicitation of Prof. White, of 
Morgantown, the order was recalled and the well dedicated to 
science. The company started to drill again, and went to the end 
of their cable, at 4, 500 feet, where the work was stopped tempo- 
rarily, and officers of the U. S. Geol. survey availed themselves 
of the opportunity to make temperature observations. Dr. Wm, 
Hallock, the physicist of the survey, has been in charge, and has 
already secured preliminary results of exceeding interest More 
refined observations will be made on the well before starting to 
drill again. The citizens of Wheeling have guaranteed the money 
to pay for future drilling, Mr. Anton Reyman, a public spirited 
citizen, having become surety for the entire amount required to 
make the well the deepest hole in the world (about 5,800 feet) 
The U. S. Geol. Survey is expected to secure the new boiler aud 
engine required as well as the steel cable, since it is considered 
unsafe to use manilla beyond the present depth. These will prob- 
ably be secured through the generositj^ of some friend of science. 
The Survey has already contributed $500 toward the deepening of 
the well from 4,100 to 4,500 feet The well offers the best chance 
to secure an average rate for increase in temperature uninfluenced 
by local factors that has ever been presented, since it is perfectly 
free from water, and the region is undisturbed, the rocks dipping 
only 20 to 30 feet per mile. The Wheeling Development Co. is 
the name of the organization that drilled the well, Hon. N. B. 
Scott being president, and J. C. Brady sec'y. The leading manu- 
facturers of Wheeling are the principal stockholders. The well 
begins at the top of the Upper Coal measures and is now down 
nearly to the Comiferous limestone. 

Prof. J. C. Branner, state geologist op Arkansas, has ac- 
cepted the position tendered him by the Stanford University at 
Palo Alto, Cal., but has leave of absence for a year in order to 
finish the work of the geological survey of Arkansas. 

Mr. Uly S. Grant, fellow of Johns Hopkins University, has 
been appointed an assistant on the Minnesota geological survey. 

Dr. a. C. Lawson, of the University of California, has been 
engaged for the season of 1891 on the Minnesota geological sur- 
vey. 
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Summary official decapitation. The regents of the Univer- 
sit}' of Nebraska at a late meeting, with other resolutions adopted 
the following : That the connection of Prof. L. E. Hicks with the 
University be severed after August 1, 1891. — State Journal^ 
Lincoln^ Neb. 

Mr. Ralph S. Tarr, Cambridge, has been appointed professor 
of geology and mineralogy in the University of South Dakota, at 
Vermilion. 

Mr. Herbert A. Wilcox, Tower, Minn., has been employed 
on the Missouri geological survey, in the examination of the iron 
deposits or that state. 

Mr. Herbert R. Wood, late op Toronto, will begin service 
August 1st on the Minnesota geological survey. 

Dr. J. Francis Williams, who has been connected with the 
Geological Survey of Arkansas for the past two years, has been 
appointed Assistant Professor of Geology at Cornell University. 
His report on the igneous rocks of Arkansas is now in press. 

Prop. E. H. Barbour, Grinnell, Iowa, has completed ar- 
angements for a paleontoiogical trip in the bad lands the present 
ummer. 

Dr. George Baur, op Clark University, in company with 
Prof. C. F. Adams, of Champaign, 111., will this summer, visit 
the Galapagos islands for the purpose of studying the fauna and 
particularly the mammoth tortoises, with which the islands abound. 
Dr. George H. Williams op Johns Hopkins University 
is conducting a party of graduate students in geology through 
western Maryland. 

Mr. John Eyerman has severed his connection with the 
scientific department of Lafayette College. 

Princeton Scientific Expedition. The ninth Geological Ex- 
pedition to the west will, as usual, be under the leadership of 
Prof. W. B. Scott and will be composed of Prof. W. F. Magie 
and Messrs. E. A. S. Lewis, A. B. Gladwin, A. W. Bentley, I. 
Benet, J. S. Hosford, C. C. Jeflferson, R. A. Stevenson, R. Coul- 
ter, jr. Mr. John Eyerman, of Easton, will join the party during 
the latter part of the trip. 



NOTICE. 

The "qeologicai. bwindlbb" aoain abroad. Beadera of the 
Obolooist will recall several references Id the early numbers, Vol. I 
( 1886 ), h) an adept tb[ef who hod for several years practiced upon the 
geologists and other sclontlsta of America with a good degree of suc- 
COHS. This fellow was apprehended and served six months' iraprlsoD- 
ment Id the Elkhorn Jail, In Wisconsin, but on release resumed bis 
Defarioas tricks. In January, ISSfl, he stole some microscopic objectives 
from the University of Cincinnati, and under the instigation of Prof. 
Chas. U. Gilbert, the police of the city wore put upon his trail. Aft«r 
a pursuit of some weeks, tracing him In Indiana, Kentucky, and Ten- 



nessee, be was apprehended at Nashville, and on trial was convicted and 
sentenced for Ave years tor grand larceny, to the Stale penitentiary at 
Columbus, O. He pleaded guilty and admitted that he was tbe "swin- 
dling geologist" ot numerous aliases. 

In confinement he made a good record for himself and was put In 
charge of tbe night-school. Ho would have been released, on account 
of good behavior, at the expiration ot three years and nine months 
under the rules ot tbe Ohio penitentiary. In the tall ot 1891, but nnder 
special protestations of reform he was given a degree of freedom at 
Columbus, which allowed ot his release finally "on parole" for tbe re- 
mainder ot the term that ho bad to serve. Ho remained tor a time 



quietly at Columbus, as reporter for the Columbus Sunday World, 
Suddenly he appeared at Saginaw, Michigan, In violation of his parole, 
where ho attached himself to the High school principal and addressed 
the pupils of the High school, claiming to have been a professor in 
Vassar College, Poughkeepsie, N. Y., atkd then connected with Smith 
College, but preferring his present occupation of dealing in fossils, as 
more remunerative. He sold the High school ten dollars worth of 
fossils. He said he was a Russian, descended from an eminent Russian 
geologist, and acquainted with the most distinguished geologists of our 
country — (his usual story, the latter part, alas, too true ! ), also that he 
is the brother of the celebrated nihilist martyr Vera Sussulich, that he 
had fought in the Franco-Prussian war, and had been made a captain, 
ate, etc. Thence he went to Lansing, Mich., and the speeches he made 
there wore reported in the Detroit Tribune under the title — **Aman 
with a history." At Lansing, he claimed to be a mining engineer, and 
betook himself to the Agricultural College, where he ** named the fos- 
sils" in the collection of that institution. ' 

On making inquiry as to the identity of this man with the **0. L. 
Syrski," who had been a short time before released on parole, it was 
learned that, " in the language of the streets, Syrskl has jumped his 
parole, beaten his boarding-house, and employer, and skipped," with 
the incompleted sentence still hanging over his head. 

He is now again launched upon the community, to continue to be a 
scourge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
Russian, often as deaf and dumb, and always making memoranda on 
little squares of colored writing-paper which he carries in very small 
vest-pocket blocks, and taking occasion to steal valuable books, instru- 
ments, and fossils from his hosts, he now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course he conducts dishonestly. 

He is thus described at Saginaw ; a man of medium hight, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
keenness and rather watery, and a firm Jaw, giving decision to his con- 
versation. His language is fluent, and free from any foreign accent or 
peculiarity. He has lost one or two front lower teeth, and looks to be 
35 or 40 years old. The attached half-tone reproduction of his por- 
trait is from a photograph taken by the Cincinnati police at the time of 
his last trial and Incarceration. The negative is held by Vail Brothers, 
photographers, 254 Main street, Poughkeepsie, N. Y., and their price 
for a single copy is 25 cents. It is a very accurate portrait of him as 
he appeared three years ago, as many who have suffered from his thefts 
2an testify, except that he is a little more rough in his personal ap- 
pearance, in the portrait, than usual. 

Short notices of his career are given In The NaturalisVs Leisure 
Hour (A. E. Foote's), March, 1884 (written by F. V. Hayden), in 

Science, Jan. 14, 1887, June 17, '87, and in the American Geologist, 
January, February, and April, 1888, and February, 1889. He has ap- 
peared under the following aliases: *'Gratacap," *'Capt. C. E. But- 
ton, U. S. A.," "Prof. U. S. Williams," "Ellis," "Ellison," "Reitz M. 



Vaslllez," "Vaslle," **Vasnief," "Robt. Verrall" or "Varrall/' **0. L. 
Syrskl," O. L. Sussulich," " Leo Lesquereaux, Jr." (son of the late emi- 
nent paleobotanlst), **W. R. Taggard," "Prof. Cameron," "Prof. Le- 
veille," and **E. O. Strong." 

No one has yet boon found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the institution where he gained 
his excellent higher education. He himself declares that he is a gradu- 
ate of the University of Kief in Russia, but no inquiry seems to have 
been made into the truth or falsity of the statement. Ho has shown a 
familiarity with the Sclavonic languages by conversing freely with Poles 
and Hungarians in the quarries at Rondont, N. T., In their own tongues. 

We have no vindictive feelings against the man at all, but we believe 
that we can do no better service to scientists in America than by putting 
them on their guard against strangers without good credentials, and 
arming them against **0. L. Syrski," by giving this information. 

According to latest, information, a one-inch Zeiss microscopic objec- 
tive, which was on his person when captured in Tennessee, is still in 
the hands of the chief of police, Cincinnati, unclaimed. 

In August, 1887, he procured from Rev. Arthur H. Flack, president 
of the Claverack College, Claverack, N. Y., a loan of $15 on a spectro- 
scope which he left on his hands ** until he should return the loan." 
Of course the **loan" was never returned, and the stolen spectroscope 
still awaits its owner at Claverack College. 

American Geologist. 
May 15, 1891. 

TURNS UP AT COLUMBIA, MO. 

Columbia, Mo., June 17, 1891. 

American Geologist. A few days ago i^ man came to this place, 
came to the University and asked the Janitor to show him specimems. 
Next morning he came to me as a **deaf and dumb" man, said he 
wanted some work to do. Could name fossils, American or European. I 
told him there was no fund for the purpose. I showed him mine. He then 
spent the day looking at the university collection. I told him I would 
pay him -to look over our European fossils and correct their names if 
necessary. He wrote on a paper his name ** Otto LudovUz Sassulich," 
said he was a brother of Vera Sassulich of Zurich, Switzerland. He is 
a Russian by birth, and he seemed strangely familiar with every thing, 
people, places, fossils, but said his deaf and dumbness prevented his 
working as an active mining expert. Well, I got him at work, In room 
with him most of time. A few fossils I was in doubt of and asked him, 
and he was surprisingly correct, knew Just where to find descriptions, etc. 

While thus engaged one of our professors came in and mentioned 
about a geological swindler being in Tennessee a few years ago. I then 
remembered that there was a notice of such a man in June Geologist, 
but had not paid much attention to it. It was at hand and T looked and 
there was the man's likeness exactly. I let him work all day, paid him, 
then told him he ought to talk, that ho was not dumb. Also told him 
that I knew who he was, and that I thought that a man gifted as he 
was ought to be every way correct. I wished him well, etc., but had 
not told him of article and portrait, but Prof. P of university, hap- 



penlng in Just then, Insisted on showing it to him. Of course he denied 
being a thief, produced a recommendation from Prof. Ed. Orton, also 

one from of Vasssar. He trembled though and hurried off. 

Don't know where he went, but he certainly is very gifted and smart, 
and is well posted In paleontology, and would make the best I have ever 
known provided he stuck to it and honesty. 

He did not steal anything here that I know of, may have taken one or 
two fossils, nothing else, and probably nothing of much value if any- 
thing. Yours, etc.. 

G. C. Bboadhead. 

N. B. He gave address Columbus, Ohio, and that his mother there 
would take care of his letters. 



GEOLOGIST. 



Aoourate Beports on Properties in Texaa, Arkansas, Indian 

Territory, New Mexico, Arizona and Mexico, and 

in Southern United States. 



H. M. CHANCE. 

Coal gmd Iron Specialist. 

Properties examined and developed. 
Mining methods and appliances a specialty. 

418-420 Drexel Biiilding, PHILADELPHIA. 



Geologist and Chemist, 

Reports of mineral lands. 

InTestigaUons of chemical and physical subjects. 

1042 Drexel Biulding. PHILADELPHIA. PA. 
WALf OLE ROLAND, 

Civil and Mining Engineer, 

PORT ARTHUR. PANADA. 

Analytical Chemist ^ Assayer 

CHEMIST IN CHARGE CEOLOCICAL SURV EY OF T EXAS. 
•PM u bnoant AUSTIN, TEXAS. 



Consulting Mining Engineer, 

COLORADO STAT C OLOCI8T, OURAY, COLO. 

Will advige upon the development and management of mi'net. • 

EVERETTE'S MINING OFFICE, 

Pioneer Mining Offloe of Pacific Northwest. 

Having the largest permanent bricic assay furnaces, chemical laboratory and 
mining office on the northwest coast, witli a collection of about 4,000 samples of 
the ores of Alaska, British Ck>lumbia, Oregon and the northwest territories; and 
having made personal examinations of nearly every mining camp on the Pacific 
slope from California to Alaska, I am prepared to do any class of legitimate and 
honest mining work, such as 

Examining, Engineering, Sampling and Reporting on the Value of all Min- 
eral, Coal and l^re Clay Properties, Building Stones, Elarths, Assays and 
Analysis of Ores, Waters, Checlc Samples of Ore, Pulps, 

" Organic Analysis" work, and in fact any work connected with the office of a 
flrst-icass mining geologist and chemist. Any information mining men may 
desire to know relative to the MINERAL OR COAL RESOURCES of the entire 
Pacific northwest will be honestly given. Address I>R. WILLIS £. EVBRBTTK, 
Consulting Mining Expert and Geologist, 1,318 £. Street, Tacoma, Wash. 
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27 PARK PLACE, NEW YORK. 



Publishers sf the Best Besks In their Classes : 

Thb Mbtallubot of Stbbl. Bowe. (2d edition) f 1000 

Gbm8 and Precious Stokbs of Nobth America. Ktinz 10. 00 

Modbrn American Methods of Copper Smb^tino, Peters, 2d edition 

inPreM 4.00 

The Lixiviatton of SiiiVBR Ores. Stetefeldt.. 6-00 

Mining Accidents AMD their Prevention. Abel 4.00 

The Basic Bessemer Process. Wedding 3.60 

Mining Code OF THE Republic OF Mexico. Chimi 100 

Chemical and Geological Essays. Hunt. {Sd Edition) 2 . 60 

A New Basis for Chemistry. Hunt. {2d Edition) 2.00 

Mineral Physiology AND Physiography. Hunt. {2d Edition) 6.00 

Systematic Mineralogy Based on a natural Classification, Hunt. 
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THE RECORDED METEORITES OF IOWA, WITH 

SPECIAL MENTION OF THE LAST, OR 

WINNEBAGO CO., METEORITE. 

Joseph Tobrbt, Cambridflre, Mass., and E. H. Barbour, Grinuell, Iowa. 

It is noteworthy and indeed a remarkable fact that within forty 
odd years four meteorites of more than ordinary interest, — viz., 
the Linn Co., Iowa Co., Emmet Co., and Winnebago Co., met- 
eorites, — have been observed to fall in this state. The first, 
second and fourth of these belong to the < < stone " class of aerolites, 
and the third to the << iron " groap. 

I. 7%e Linn Co, Mtteorite, * 

The Linn Co. Meteorite fell in Hartford, Linn Co., at 2:45 a. 
m., Feb. 25, 1847. The following fragments are noted, weighing, 
in pounds : 0.448, 0.369, 0.007, besides other small fragments. 
They all have the characteristic dull black pitted surface. The 
color of the interior is a light gra}- filled with grains of meteoric 
iron and intersected by cracks filled with crust. The small amount 
of olivine is quite remarkable. 

Analysis of the stony part gave 

Silica 60.16 per cent. 

Ferrous oxide 23.50 ** 

Maffnesia 1 1.20 ** 

Magnetic pyrlte 4.66 ** 

Soda and potash 30 



(( 



99.82 " 

Analysis of the metal gave 

Nickel 86 per cent. 

Iron 14 •• «' 



^From Huntington's catalogue of all Recorded Meteorites, Proc. Am. 
Acad, of Arts and Sci., 1887, pp. 37, 110. 
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II. The Iowa Co, Meteorite,^ 
The Iowa Co. meteorite fell near Homestead and West Libertj-, 
in Iowa Co., at 10:15 p. m., Feb. 12, 1875. Eighteen fragments 
are recorded, weighing as follows, in^unds: 11.96, 6.18, 3.85, 
3.73, 3.70, 2.96, 1.94, 1.51, 0.63, 0.6, 0.44, 0.31. 

The above, with the exception of two or three, are in the col- 
lection of Lawrence Smith. The}" have the usual dead black crust. 
Specific gravit}', about 3.6. Chemically this meteorite is of con- 
siderable interest as it is one of the very few in which the occluded 
gases have been examined and estimated. By heating some of the 
metal freed from matrix, gases were evolved the constitution of 
which varied according to the temperature. 

At 100^ C, the gaseous mixture evolved consisted of 

Carbon dioxide 95.46 per cent. 

Carbon monoxide 00.00 " " 

Hydrogen 4.54 ** ** 

Nitrogen 0.00 " ** 

100.00 *' * 

When exposed to full red heat there was found 

Carbon dioxide 5.56 per cent. 

Carbon monoxide 0.00 ** ** 

Hydrogen 87.53 ** ** 

Nitrogen 6.91 



(t tt 



100.00 ** ** 
III. The Emmet Co. Meteorite.^ 

The Emmet Co. meteorite (called -^The Perry Meteor") fell 
near Estherville, Emmet Co., at 5 p. m.. May 10, 1879. Sixteen 
large masses are on record, weighing respectively, in pounds : 500 
(sent to the British Museum, and subsequently divided between 
London, Berlin and Vienna,) 175 (University of Minnesota), 2.21, 
1.81, 1.31, 1.21, 1.07, 0.95, 0.36, 0.32, 0.23, 0.18, 0.14, 0.14, 
besides many small pieces. 

The aerolites belonging to this fall are of the iron type, and 
consist generally of a network of iron enclosing olivine. The pro- 
portion of the two varies greatly in the different individual masses, 
some being nearly all iron while others contain but little. Crust 
bluish. The specific gravity of the stony portion was found to be 
3. 35, of the metal 5. 97. 

In chemical composition, the Emmet Co. meteorite, so far as 
examined, has no strongly distinguishing features. 

»Ain. Jour. Sci., 2d Series, Vol. VI, p. 405. 
'lluntinjifton's Catalogue. 
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IV. The Winnebago Co. Meteorite.' 
The Winnebago Co. meteorite fell near the new town of Tbomp- 
8on ele\en milea northwest of Forest City, Winnebago Co., at 5;15 
p. m., May 2. 1890. Seven lai^e fragments are noted, weighing 
respectively in ponnds : 86, 66, 10, 10, 60 oz., 60 oz., and, ac- 
cording to professor N. H. Wincbell, about 5,000 small fragments, 
weighing from the fraction d an ounce to a pound or more. 

Between two and 
three hundred small 
fragments are in the 
collection of Yale Uni- 
versity alone. About 
100 pieces and the 66 
pound piece are in the 
University of Minneso- 
ta. Others are owned 
by Ward and Howell, 
Bochester, N. Y., and 
by Geo. F. Knnz, New 
York. The dead black 
Bcoriaceous crust when 

A microscopic MCtioD tron. the »Lity^i poand *"«''«" ^''^^ * ^'S"" 
winiiehago stone, BhnwirK dnrh spfder-tike p&tt- grey stone interspened 
icl«a of iron distributed thro-gl, the matrix. ^jj, ionumerable dark 

particles of iron, and globules of troilite, quite like the Iowa Co. 
stones in appearance. Thin seams and cracks occur occasionally 
filled with a substance that has somewhat the appearance of 
graphite, and small spheroidal masses of olivine are abundant 
Specific gravity, 3. 638. 

Chemical composition of the matrix from a fragment of the 66 
pound aerolite : 

Silica 47.03 per cent. 

Iron onlde 39.43 

Oxide ot aluminium 2.94 

Lime 17.S8 

Magnesia 2.96 

99.94 

This is but the approximate compositjon, and it is our opinion 
that nothing else should be offered, and that no analysis yet pub- 
lished is strictly reliable owing to the non-homc^eneons character 
), Notes and analyses ot the 104 pound 
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of the matrix. Another difficulty not sufficiently recognized and 
taken into account is the extreme difficulty experienced in separat- 
ing the iron from the matrix by the magnet, a thing practically 
impossible, owing to the infinitesimal division of the iron, which 
is still visible under the microscope even in the impalpable powder. 
A partial analysis was also made of the metal, separated as 
completely as was practicable from the matrix, giving the follow- 
ing results : 

Iron 95.79 per cent. 

Nickel 2.89 *« 

Silicon 0.03 •* 

Carbon and manganese undetermined. 

Sulphur 0.68 

Phosphorus 0.54 






99.93 ** 

Anal3'Ses of this kind appear to be of sufficient interest to pub- 
lish, but it is most earnestly to be hoped that they may speedily 
be supplanted by much more thorough and searching ones. Until 
they are, the sum total of our knowledge of these very interesting 
bodies will remain as it is now, exceedingly small. 

The so-called 104 pound fragment or <' Kossuth Co. aerolite," 
deserves mention here from the fact that it figured in all the earlier 
notices, at least, as the largest fragment of the Winnebago Co. 
meteorite, being sold as such to parties in Forest City, whereas it 
is simply a fraud. Pieces of the boulder, commonly called << nig- 
ger-head, " were sent us at once for examination. Analysis showed 
it to be a diorite or allied rock, without crust ; no metal present 
Gravity (2.83 ) about a unit lower than that of the meteorite. 

In its passage the meteor was seen throughout all Iowa, and ob- 
servers report it from Kansas, Dakota and Minnesota. 

However exaggerated the press reports may have been in cer- 
tain instances, the fact of its splendor stands nevertheless ; so too 
the fact of the terror which the sudden light, the hissing passage, 
and terrific explosion inspired in the people of northern Iowa, es- 
pecially Winnebago Co. and immediate vicinity. Reports from all 
the towns and cities for man}" miles around Winnebago Co. liken 
the noise of the explosion to heavy cannonading, accompanied by 
a << rushing sound '* or unearthly hissing and a noticeable tremor 
which caused the citizens to fly from their houses to inquire into 
the cause. This vivid display occurred in the face of a bright 
spring sun, and an almost cloudless sky. The dazzling head — 
likened to the moon in size — < < sputtering " and throwing off a long 
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train of sparks : the heavy line of black smoke left in its wake to 
mark its course for a full ten or fifteen minutes : all were seen and 
marvelled at by the people of several states. Its course to the eye 
was from southwest to northeast, and its inclination to the earth 
most commonly judged to be about 55^ One well authenticated 
but suprising report comes from Tabor, in the extreme south- 
western comer of the state, to the effect that the ' * noise there was 
like thunder, and was compared by some to an earthquake shock, 
the jarring of the ground being so evident, and that four distinct 
explosions were observed by one." 

This is a point of considerable interest to us, for at Grinnell 
but faint noise, if any at all, accompanied the transit Although 
the clamor over a hotly contested game of ball on the athletic field 
of the campus hindered the students and faculty, who saw it, from 
making careful observations on this point, yet to satisfy ourselves 
we visited all the farmers 'for some twenty miles northwest of 
Grinnell to find but one who thought possibly he heard a noise in 
connection with the passage through the air. It was surely ac- 
companied by little or only imaginary noise at this point. 

The train of smoke left by the meteorite seems worthy of notice. 
The velocity of the meteorite was such that its transit through the 
earth's atmosphere was momentary, and at the time the head 
passed below the horizon, the entire course of the meteor was 
marked by a broad ribbon of smoke, having straight, sharply de- 
fined edges. It was interesting to notice how this ribbon of smoke 
tapered off toward the higher atmosphere, as if vanishing in per- 
spective, showing the great rarity at that elevation. The smoke 
began to curl away gradually, but lingered for a full fifteen or 
twenty minutes before disappearing entirely. The fall was largely 
on unimproved land near Thompson, covering with fragments an 
elliptical area some two or three miles long b}' one and a half wide, 
( It seems as if the major axis might be taken roughly as the 
direction of the meteor, that is N.E. as it appeared to the 
eye. Or, as professor Winchell suggests, the line of direction is 
more nearly that of the line of impact of the large fragments, that 
is N. W. ) The ^^ pound fragment buried itself, close to a farmer 
in the field, more than three feet in the hard prairie soil. It was 
not dug out till the next day. Professor Winchell, who visited 
the spot at once, kindly informs us that the 66 pound stone was 
not hot when dug out, notwithstanding all reports to the contrary, 
and that the clay around it was neither baked nor in any way 
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changed ; and that the 86 pound stone fell on old turf, where the 
last year's grass remained dr}', and after the stone was taken out, 
portions of the grass carried down by it, adhered to the surface 
unbumed. Besides one piece fell on a straw stack, and did not 
fire the straw. 

On the accompanying map of Winnebago Go. the positions of 
the large fragments are indicated by their respective weights. The 
counties in which meteorites have fallen are indicated in the small 
county map of the state of Iowa. 

For assistance in preparing the map and for other information, 
specimens, etc. , we are indebted to* the Messrs. Secor and Law, 
and the Messrs. Thompson of Forest City. 



ON THE CONTRAST IN COLOR OF THE SOILS 
OF HIGH AND LOW LATITUDES. 

BY W. O. CBOSBT. 

The general contrast in color of northern and southern solid has 
attracted my attention for many years ; and six years ago I sug- 
gested an explanation of this difference, which is evidently due to 
the condition of the ferric oxide, in a communication to the Boston 
Society of Natural History,* from which several paragraphs may 
be advantageously quoted as an introduction to the present paper. 

The prevailing difference in color between the soils of the North and 
South is an unquestionable fact, and must be familiar to many travelers ; 
and yet, but few geological writers have even mentioned it, and, so far 
as I can learn, no explanation of it has heretofore been proposed. In 
all latitudes, the most superficial detritus, the true agricultural soil, is, 
in a large measure, distinctly carbonaceous, or the organic matter has 
at least been sufficient to more or less completely discharge the brown, 
yellow, and red colors due to the ferric oxides. But in the surface soil 
to a considerable extent, and in the subsoil generally, the ferric oxides 
are still the predominant coloring agents. Now throughout the north- 
ern states and Canada the soils, where their colors can be ascribed to 
ferric oxide, are generally, almost universally, brownish or yellowish, 
but not distinctly red. The only important exceptions are where the 
red soil results from the disintegration of a red rock, or is itself geologi- 
cally old. Thus, the red color of the soil on the Triassic areas, and of 
the clays at Brandon, Vermont, and Gay Head, does not belong to the 
present or any recent period, but is due to the peroxidation of iron in 
Triassic and Tertiary times. On the other hand, one of the most strik- 
ing features of the scenery of the southern states, especially for north- 

> Procef^dings of the Boston Society of Natural History, Vol. XXIII., 
pp. 219—222. 
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em eyes, is the bright red color of the soil, and the general predominance 
of this color over the brownish and yellowish tints. Thi9 begins to be 
noticeable in the latitude of southern Pennsylvania, and becomes more 
and more marked as we cross Virginia into the Carollnas ; while in the 
West Indies and South America the redness of the soil is even more 
intense and universal than in the southern states. So far as I have 
been able to learn by reading and inquiry, this difference in color be- 
tween the soils of high and low latitudes is more or less distinctly 
observable in all longitudes, and in the southern as well as in the 
northern hemisphere. 

The brown, yellow and buff colors, so chfiracteristic of northern soils, 
ere undoubtedly due chiefly to the yellow ferric hydrates, like gdthite, 
limonite, and xanthosiderite; while the red color of southern soils, 
although commonly attributed to hematite, is probably in many, if not 
most cases due to the red ferric hydrate turgite. The main question, 
then, Why are northern soils yellow and southern soils red ? is really 
equivalent to. Why is the ferric oxide in northern soils highly hydr 
ated ( gOthite, limonite, etc. ), while that in the southern soils is only 
slightly hydrated, (turgite), or anhydrous (hematite)? 

It is manifestly impossible to answer this question by correlating the 
difference in color with a difference in the rocks of the two regions ; for, 
while the red clays of the South are found on nearly all geological for- 
mations, they appear to have their best development on the primary or 
crystalline rocks, and these are Indistinguishable from the similar rocks 
of the North. But a satisfactory solution is, I think, found by correlat- 
ing the color-difference with the one physical feature upon which all the 
other contrasts between the North and South depend — the climate. In 
other words, the difference in color depends upon the difference In tem- 
perature. It is well known to chemists that ferric hydrate, the coloring 
agent of northern soils, is dehydrated at the temperature of boiling 
water ; and it seems probable that a partial, if not complete dehydration 
may result at much lower temperatures. If unlimited or geologically long 
time is allowed. And, In this connection, it is important to observe that 
the surface soils of the South attain at times a high temperature, and 
that in both regions, but especially in the South, the detritus is, quite 
certainly, chiefly of preglacial origin. The detritus of the South, it is 
well known. Is, except on the flood-plains of the streams, chiefly seden- 
tary, often retaining almost perfectly the structure lines of the rock 
from which it is derived ; while the debris covering the rocks in the 
North is almost wholly transported, consisting of the modified and 
unmodified glacial drift. Hence it is evident that the characteristic 
colors of the North and South are approximately coterminous with the 
sedentary detritus and drift. But it seems impossible to ascribe the 
color-difference to glaciation ; for wherever in the North we find seden- 
tary soils, either post or ante-glacial, as in the case of trap dikes which 
have been decomposed to a considerable depth below the surface of the 
inclosing rocks, the colors are brown and yellew, never red. 

Although it seems not to have attracted general attention, my obser- 
vations show that frequently, If not always, the red color of the South* 
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em soils Is a merely superficial phenomenon, being most strongly marked 
at the surface, and gradually changing to yellow at a moderate depth. 
This fact, if fully established, will strongly corroborate the view here 
proposed, that the solar heat is the principal cause of the dehydration 
of the ferric oxide. 

Nearly all soils originate directly or indirectly, in the decay of the 
silicate minerals of the crystalline rocks, in which the iron is very lar2ely 
in the ferrous state. And it is well known that the meteoric waters 
percolat^ng through the rocks not only introduce the carbon dioxide, 
which is the chief agent iu the kaolinization of the anhydrous silicates, 
but also the free oxygen required for the peroxidation of the iron. The 
sedentary soils of the South show very plainly also that the second pro- 
cess does not keep pace with the first ; for, while the superficial soil 
exhibits the brilliant colors of the ferric oxides, in the lower portion, 
which shades ofF insensibly into the underlying rocks, grayish and bluish 
tints prevail, indicating that the iron is still chiefly in the ferrous state. 
Hence the normal vertical order of colors in sedentary detritus seems to 
be as follows, beginning at the base : 1, Bluish, grayish and neutral tints, 
due to ferrous oxide ; 2, the yellow and brown tints of the ferric hyd- 
rates ; and, 3, in warm countries, the red resulting from the dehydration 
of the ferric hvdrates. 

The foregoing embodies the chief points of my previous paper, 
which was based very largely upon personal observations made 
some twenty j'ears ago while I was engaged in mining operations 
in North Carolina and Virginia, and enjoyed unusually favorable 
opportunities for observing fresh and normal sections of the sed- 
entary soil. Later, also, I traveled extensively in these and other 
southern states ; in the West Indies, from Cuba to Trinidad and 
the northern coast of South America ; and in Europe, from Sicil}* 
to Scandinavia — giving particular attention everywhere to the 
colors of the soils. That paper was published in the hope that it 
would call out the observations and views of other geologists ; but 
it appears to have borne no fruit of that kind until the appearance, 
a little more than a year ago, of the comprehensive and valuable 
monograph by I. C. Russell on the '* subaerial decay of rocks and 
origin of the red color of certain formations,"* to which the 
author has appended an important bibliographic list. In the first 
part of this essa}" relating to the subaerial decay of rocks, 

Attention is directed to the widespread decay of the surface rocks 
throughout the Appalachian region, south of the southern limit of the 
glaciated area of northeastern America. It is shown, also, that rock- 
decay is far more advanced In the southern than in the central and 
northern Atlantic states, and increases gradually southward. This vari- 

'Bulletin No. 52 of the United States Geological Survey, Wai<(hing- 
ton, 1889. 
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fttion is thought to be due to climfttic causes, combined with ^ecent 
orographic movements which have accelerated denudation in the 
northern portion of the region under discussion. From the brief review 
of the geographical distribution of residual deposits in various regions, 
together with other considerations, the conclusion is drawn that rocks 
decay most rapidly in warm, humid climates. 

After describing the characteristics of the residaal or sedentary 

clays of the South, including the color, Mr. Russell refers to in}' 

contribution as follows: 

The contrast in color between northern and southern landscapes in 
the Appalachian belt has recently been explained by W. O. Crosby . . . 
on the assumption that the observed difference of color has resulted 
directly from differences of temperature between the North and South. 
In the essay referred to it is urged that the higher temperature at the 
South is capable of dehydrating the ferric oxides impregnating the soils, 
thus changing their color from yellow to red ; and also that the red 
color of residual clays is a superficial phenomenon, confined to the 
immediate surface of the deposits. My own observations do not confirm 
these conclusions. At many localities in the Appalachian region south 
of Pennsylvania where residual deposits were observed, the character- 
istic red color was seen to extend far below the surface, and as a rule to 
reach the bottom of fresh exposures. In many localities the color of the 
residual clays at a depth of twenty or even fifty feet is similar, so far as 
the eye can distinguish, to the color in the same sections only a foot or 
two below the surface. The great depth to which the red color extends 
renders it evident that it cannot be directly dependent on solar heat. 
Again, over considerable areas in the South the surface clays are vari- 
ous shades of yellow, which would not be expected if the red color of 
adjacent fields is due to temperature. 

During the last six years I have gradually come to attach less 
weight than at first to the difference in temperature as a sole and 
sufficient cause of the difference in color between northern and 
southern soils ; but I still hold that it is an Important factor in the 
entirely adequate explanation ; and so, apparently, does Mr. 
Russell. In fact, he proves that the cause must be largely cli- 
matic by showing : ( 1 ) that the typical residual clays of the South 
are usually red, and common to a great variety of geological for- 
mations ; and (2 ) that, as already quoted, they are conditioned in 
a very large degree by the combined action of heat and moisture, 
being but scantily developed in the arid regions of the South, and 
never with a red color under the humid climate of the North. 
Since the rocks from which the red clays are derived are almost 
never red, the redness is evidently incidental to the kaolinization, 
and its cause may therefore be looked for with much probability, 
at least, among the conditions favoring kaolinization, of which 
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heat is clearly one of the most important. Again, in spite of the 
recent glaciation, evidences of kaolinization are not wanting in the 
North ; but the resulting clay, the true sedentary soil of the 
North, is never red, indicating very plainly that, while a warm 
climate is not strictly essential to the formation of residual clays, 
it is a necessary condition of the development of the red color. 
Prof. J. D. Dana emphasizes this point in a review ^ of Mr. Bus- 
seirs work, from which a few sentences may be quoted : 

The contrast in colors between the northern and southern states is 
spoken of (by Russell) as ** contrast between a glaciated country and a 
region in which atmospheric decay has progressed uninterruptedly for 
ages.'* Mr. Russell, knowing less of New England than of other parts 
of the country, does not appreciate as strongly as professor Crosby, 
whom he criticises, the full character of this difference. There is wide 
decomposition at the North, and its rapid progress in the case of syen- 
ites, mica schists, gneisses, granites, and hornblende schists during the 
past forty years, is very strikingly exhibited alongside of many railroad 
cuts. The fact to be accounted for is that these decompositions over 
New England, whether in the trap of trap dikes or in metamorphlc 
rocks, produces almost never red earth ; whUe at the South, red earth 
predominates. The glacial movements and orographic changes have 
nothing to do with this. The fact is simply that in New England the 
result of the iron oxidation attending the decay is limonite, the hydrous, 
yellow-brown iron oxide, and not anhydrous Fe*0*. The writer has often 
tried to discover a reason for the different result at the South ; he does 
not find one in Mr. Russell's excellent paper. 

In what manner, if any, the milder climate of the South pro- 
motes the development of the red color, except directly by favoring 
the dehydration of the iron oxide, I have not attempted to explain ; 
but when we consider that, aside from the glaciation of the North, 
there is virtually or primarily but this one physical contrast be- 
tween the North and South, it seems impossible to doubt the 
existence, directly or indirectlj^ of a casual connection between 
the temperature and the color of the soil. Tha fact that Mr. Rus- 
sell questions this conclusion caused me, however, less surprise 
than his attempt to fortify that negative position by denying that 
the red color of southern clays is essentially a superficial feat- 
ure. I was amazed at his statements in this regard^ and asked 
myself again and again if my recollection of what I had seen in 
the gold mines of North Carolina and elsewhere could possibly be 
60 far astray. Being unwilling to controvert the views of so com- 
petent an observer without a fresh examination of the facts, I have 
waited for an opportunity to go over the ground again. Fortunately, 

* American Journal of Science, Volume XXXIX., 1890, pp. 317-319. 
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I have been able daring the past year to make two journeys in the 
South — one to Asheville, by the usual route through the Piedmont 
district of Virginia and North Carolina, and the other down the 
great Appalachian valley to the vicinity of the Natural Bridge — 
giving, in both cases, especial attention to the distribution of the 
colors in the superficial detritus. 

Briefly stated, the general result of these recent observations is 
a complete confirmation of my original views ; but I am able 
now to make more definite statements than formerly. In the great 
majority of the sections observed in the Piedmont region of both 
North Carolina and Virginia, including al) which could be de- 
scribed as normal examples, %, e, , as unmodified by disturbance or 
erosion, the distinctly red soil is very superficial, varying in thick- 
ness, as a rule, only from two to five feet, and very rarely exceed- 
ing ten feet. It is usually reddest, at, or near, the surface, 
changing downward gradually, more rarely abruptly, through 
various shades of orange to yellow ; while occasional complete 
sections show the yellow changing through paler tints to gray or 
the color of the underlying hard rocks. This is certainly the nor- 
mal succession of colors in a complete vertical section, as described 
in my earlier paper. The slight depth — two to five or ten feet — 
reached by the red color was noted again and again in scores of 
sections. It was usually easy to see, however, how hasty or un- 
garded observations might lead to a different conclusion ; for the 
wash of the rains has, in most cases, carried the superficial red 
clay down over the entire face of the section. In this way the 
orange and yellow are often almost completely blotted out, except 
where an occasional gully, one to several feet in depth, notches the 
face of the cutting and exposes a clean, fresh, undisturbed, vertical 
section of the clays. When passing through the railway cuttings my 
eyes were always focussed upon these gullies or minature ravines ; 
and when on foot I have proved by actual digging that the yellow^ 
color seen in the middle and lower part of the gullies is strictly in 
situ, and that the red color at the same levels between the gullies 
is what it appears to be, a mere surface wash — a red veil descend- 
ing from the red crown at the top of the section. 

For the past twelve years I have had in my teaching collection a 
series of specimens illustrating the normal gradation of colors 
from the surface soil to the underlying rock, which were carefully 
selected for this purpose at a gold mine in Fluvanna county, Vir- 
ginia ; the entire section, from the surface to the unaltered mica 
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schist, measuring, in this instance, less than 12 feet, and the red 
cla}' less than 3 feet. More recently, I have collected a similar 
scries in the vicinit}' of Eock creek, in the District of Columbia. 

In connection with his criticism of m}' views, Mr. Bussell refers 
to a quotation, on an earlier page of his essa}^, from an account by 
Prof. E. A. Smith of the residual claj's of Alabama^ Professor 
Smith's description, so far as it is pertinent to the present dis- 
cussion, is as follows : 

The soil of the red lands is derived from the decomposed hornblendic 
gneisses and slates, which in many places, where exposed in washes or 
gullies, are seen to be mere stratified clays, containing fragments, more 
or less angular, of the quartz veins or seams, which are nearly always 
interbedded with the other rocks of this region. The top stratum of 
this soil, from two to three inches in depth, has often a dark chocolate- 
brown color, but below it becomes a bright red, and at varying depths, 
from ten to fifteen feet, becomes a yello\D\»h^ hard clay. Where the 
freshly decomposed rocks are seen the color is yellowish rather Vuni red, 
the latter color ( red ) being darker and more intense, apparently, the 
further removed the soil is from tts original position and the more it is 
affected by the decay of the vegetable matter. 

The italics are my own ; but how this description lends any sup- 
port to Mr. Russeirs criticism is certainly not very clear ; on the 
contrary, it corroborates my statements that the red color is limited 
to the vicinity of the surface, and that the deeper and newer clay 
in every normal section is yellow. Professor Smith's description 
( which would apply equally well to large areas in Georgia ) indi- 
cates, what might naturally be expected from the lower latitude, a 
greater average thickness of the red clay than I have observed in 
North Carolina and Virginia. 

Whatever the cause of the superficial deh3^dration of the ferric 
oxide, changing the color from yellow to red, it is unquestionably 
a slow process ; and since the red portion of the soil is clearly the 
oldest part, residual, unlike sedimentary^ deposits growing from 
the top downward, we may find here an easy and sufficient expla- 
nation of the point in Mr. Russell's criticism to the eflfect that ^ * over 
considerable areas in the South the surface clays are various shades 
of yellow, which would not be expected if the red color of adjacent 
fields is due to temperature " ( page 42 ). We have only to sup- 
pose that erosion, which acts upon all areas in some degree, is 
here sufficiently rapid to prevent the development of the red color, 
removing the clay before it has time to change its hue. Mr. Rus- 
sel has pointed out very clearly that the simple existence of the 

^Geological Survey of Alabama, Report for 1881, and 1882, p. 184. 
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residual clays proves a general predominance of decay over denu- 
dation ; but even where the rate of decay is uniform, the ever 
vtirying conditions of erosion must give rise to every phase be- 
tween the greatest observed depth of undisturbed residual clay 
with the full complement of colors — ^red, orange, yellow, and gray 
— and the hard, bare ledges seen in crags and stream beds ; and 
we may safel}' predict that in passing from the one extreme of 
denudation to the other, these tints will, as a rule, appear in suc- 
cession at the surface. 

According to my observations, the surface of the strictly seden- 
tary detritus of the Piedmont region is rarely yellow, except 
where the conditions are obviously more favorable for rapid erosion 
than over adjacent red areas. Often in the same limited fiel^ it 
can be seen that the steeper slopes of the land, or, in general, 
those areas most exposed to the wash of the rains, are j^ellow, 
while the more level or less exposed parts are red. The colors 
thus tend to distinguish the areas of slow and rapid erosion ; but 
it is intended, of course, to embrace in the latter, as in the former, 
only the general ablation of the surface, and not the gullies so 
characteristic of southern hillsides, which, when once started, 
quickly cut clean, vertical sections through the clays. Now the 
fact that the red clay washed by the rains from the steeper slopes 
must be spread, in large part, over the more level areas imme- 
diately adjoining, affords an obvious and simple explanation, not 
only of the constantly varying thickness of the red clay, but 
especially of the exceptional!}' great thicknesses sometimes 
observed. I have purposely neglected to take account of these 
before, because the statement that the red clay is mainly super- 
ficial was intended to apply only to detritus that is still in sitUj or 
strictly sedentary. No argument is required to show that by rain- 
wash from surrounding slopes the red clay might be accumulated 
upon a limited area to almost any depth, even fifty feet, as stated 
by Russell. But it is an obvious mistake to compare such special 
accumulations of transported detritus, which are in general readily 
recognized by their situations and horizontal stratification, with 
clay which is still in situ. The same principle also explains the 
exposure of yellow clay over level areas ; for evidently when the 
red clay has been completely washed from the slopes, the yellow 
clay will experience a similar ablation ; and it is not difficult to 
see how the conditions would often be favorable to a commingling 
or inter-stratification of red and yellow clays. 
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On passing from the Piedmont district of North Carolina to the 
Blue Ridge and the tableland beyond, the red clay, through the- 
accelerated erosion, rapidly disappears, except in the most pro- 
tected places. The outcropping ledges and crags are bordered by 
successive and perfectly blended zones of disintegrating rock, and. 
gray, grayish yellow, and yellow clays ; and only, as a rule, on 
the gentlest declivities are orange and red tints observed. The 
same conditions were observed in the Appalachian valley, between 
the Pennsylvania line and the Natural Bridge, yellow and orange 
being the prevailing colors, and red rarely occurring in consider^ 
able patches. Although the comparative absence of the red clay 
in these more elevated and mountainous areas might be attributed 
to the colder climate, the congelation with the accelerated erosioix 
appears dh the whole more simple and direct ; and the latter must 
certainly be regarded as at least the chief cause. 

Although it appears unnecessary to materially modify my pre^ 
vious statements concerning the distribution of the colors in sed- 
entary detritus, I am, as already stated, less disposed than formerly^ 
to insist upon the entire adequacy of the warmer climate of the- 
South as an explanation of the red surface soil of that section. 

The dehydration of the ferric oxide is not wholly dependent 
upon heat or pressure or any obvious extraneous agency, but it is 
in a large degree, apparently, a spontaneous process. Of this we 
have abundant evidence in nature and in the laboratory. When 
the iron, which exists in the various silicate minerals chiefly in the 
ferrous state, is liberated and peroxidized during the decay of these 
species, it combines naturally with a very large and indefinite pro- 
portion of water, forming the yellow hydrate which is seen as a 
fiocculent or a gelatinous colloid in the waters of springs, bogs, 
and marshes, and when the hydrate is obtained as a precipitate in 
the laboratory. But this colloid mass, even If immersed in water 
and entirely undisturbed, gradually and spontaneously gives off a 
large part of the water which the ferric oxide has so greedily 
absorbed when in the nascent state ; and it appears thus, as it 
slowly solidifies and hardens, to pass in sucQession through the 
forms of the various native j'ellow hydrates— limnite, xanthosi- 
derite and limonite, to g(5thite. That this progressive change 
continues is evident from the fact that these yellow hydrates are 
gradually replaced in the older formations by the red hydrate 
(turgite) and by ferric anhydride (hematite). When occurring as 
original or contemporaneous, and not as secondary, deposits, the 
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yellow ores of iron are found, as a rale, onl}" in the later rocks ; 
while the red ores are generally restricted to the earlier rocks. 
This genetic relation of the yellow and red ores is one of the most 
familiar and generally accepted facts in geology. However recent 
the origin of the red ore (turgite or hematite) may appear to be in 
any ca^e, we naturally infer that it was first yellow, and that it 
has passed slowly or rapidly, as the case may be, but graduall}^, 
through the series of yellow hydrates. 

The frequent absence of any apparent cause for this change 
leads us to assume that it is essentially spontaneous, in the sense 
that, although often hastened by heat or other extraneous agency, 
it would take place eventually without such aid. This view is 
strengthened by the analogous series of ehanges exhibited by 
silica. The gelatinous silicic hydrate obtained in the labratory or 
seen in the waters of thermal springs, loses water and hardens 
spontaneously, and eventually reaches the comparative!}- stable 
condition of opal, which is comparable with limonite ; and since 
opal, like limonite, is always of recent origin, we know that it 
must change more slowly into anhydrous silica or quartz, as 
limonite changes to hematite. The aluminum and other hydrates 
manifest a similar tendency. As the dehydration continues, there 
is a concomitant change from the amorphous to the crystalline 
state, analogous to that observed in the devitrification of glass 
and obsidian ; and the dehydration is probably as spontaneous 
as the crystallization. 

If it be conceded that the dehydration is virtually, if not abso- 
lutely, spontaneous, and there is no apparent alternative, it fol- 
lows that the color of a deposit, so far as it is due to ferric oxide, 
is, other things being equal, a function of its geological age. In 
other words, the color naturally tends with the lapse of time to 
change from yellow to red ; and, although this tendency exists in- 
dependently of the temperature, it is undoubtedly greatly favored 
by a warm climate. Applying this principle to the sedentary soil 
of the South, we find that the superficial portion is red, not alone 
because it is exposed to a higher temperature than the subjacent 
yellow clay, but also because it is the oldest part. On the other 
hand, the limited occurrences of post-glacial sedentary detritus in 
the North are, in the absence of the favoring climatic infiuence, 
still too young to exhibit the change of color even superficially. 

It is generally conceded that the glaciated area was, in pregla- 
cial times, covered with a continuous sheet of sedentary detritus 
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similar to tliat of the South, but probably not so thick. This now 
forms a large part of the till or bowlder-clay ; and in its colors, 
thoroughly mixed and greatly diluted with gray (trituated rock), 
we have the color of the till. A simple experiment shows that a 
small proportion of the red clay of the South mixed with gray clay 
gives a decided reddish tinge to the whole. The absence of this 
reddish tinge in the till may, however, be at least partly explained 
by the strong erosion attending the preglacial elevation of the land; 
on the same principal that the red clay is now mainly wanting on 
the mountains of the South. It seems, however, impossible that 
a thickness of red clay in the North comparable with what now ex- 
ists in the South could have been so completely swept away or ex- 
tinguished as the character of the till would indicate. Hence we 
naturally fall back again upon the alternative view that the red 
color was developed very scantily, if at all, in the North, in pre- 
glacial times, and that, after all, the climatic difference is an im- 
portant factor in the true explanation of the contrast in color be- 
tween the residual clays of the North and South. Certainly no 
other explanation accounts so satisfactorily for the fact that in low 
latitudes flows of basaltic lava assume in a few years a bright red 
color, which never happens in the North. The general conclusion, 
then, to which the foregoing considerations lead is that the color- 
contrast is due chiefly to the difference in climate, but that the 
operation of this principle Is modified in a general way by the 
essentially spontaneous tendency of the color to change from yel- 
low to red. 



THE FAUNA OF THE LOWER CAMBRIAN OR 

OLENELLUS ZONE. 

By Jos. F. Jambs, Washingrton. 

This paper* occupies pages 509 to 763 of the tenth annual re- 
port of the director of the U. S. geological survey, and it is the 
third extended paper published by the author upon the Cambrian 
during the past six years. It is profusely illustrated with three 
maps, fifty plates of fossils, and numerous sections in the text. 
The author has been an earnest student of the Cambrian rocks for 
many years, and students of geology and paleontology will appre- 
ciate this presentation of the fruits of his labor. 

The paper under consideration treats solely of the lowest divis- 

*The fauaa of the Lower Cambrian or Olenellus zone. By C. D. 
Walcott. 
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ion of the Cambrian : a subdivision of the geological scale that, 
a few years ago, was regarded as of scarcely any importance even 
if it were really known , and a subdivision that has scarcely yet 
found its way into geological text^books. It contains material for 
the earnest considerations of geologists of America, and if its con- 
clusions be accepted, it must very materially alter man}* concep- 
tions at present entertained. 

In the two previous publications above referred to* Mr. Walcott 
considered the rocks containing Olenellus as of Middle Cambrian, 
and those containing Paradoxidts as of Lower Cambrian age. A 
careful study of a complete section in Newfoundland revealed the 
fact that in reality Olenellus occupied rocks below those containing 
Faradoxides, and were, consequently older. He was the first to 
announce the discovery, and promptly corrected the previously er- 
roneous idea. The question of the adoption of the term ' < Cam- 
brian " in preference to <« Taconic " is not entered into, though the 
former is definitely adopted. A careful study of the literature has 
convinced him, however, as it would those who give it equal at- 
tention, that Cambrian was applied by Sedgwick to rocks below 
those containing a typical Lower Silurian fauna, as the Taconic 
was applied by Emmons : and Cambrian has eight years priority 
over Taconic. 

The scope of the paper under review is wide, including a bibli- 
graphy, an historical review of the literature, and a discussion of 
the results from both a geological and a zoological standpoint. 
Under the head of "Historical Review," we find notices of the 
work of prominent investigators from the time of Amos Eaton in 
1818 down to the year 1890. It is true Eaton did not recognize 
the Cambrian as such in his early work, but inasmuch as the local- 
ities studied by him are now known to contain rocks of Lower 
Cambrian age, it was considered fitting to begin with his work. 

The first fossils were found in rocks of this age by Dr. Asa Fitch 
in 1844. They were described by Emmons in the same year, and 
referred by him to his TaconiQ system. Barrande in 1860 identi- 
fied these fossils as belonging to' the Primordial Period, and 
credited Emmons with the discovery of their stratigraphical posi- 
tion. Mr. Walcott, however, considers that the credit should be 
given to Barrande, who he says, **was misled by the evidence 
advanced by Dr. Emmons, which was based on the erroneous inter- 

*These are Bulletins No. 10 and No. 30 of the U. S. Geol. Survey, pub- 
lished In 1884 and 1886. 
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pretation of the geological structure by Eaton, in 1824, and fol- 
lowed by Emmons in 1856." (p. 528.) 

The discoveries made in various localities by different workers 
are referred to in some detail, and the geological is followed by an 
account of the palenotological investigation. In this review men- 
tion is made of the different genera and species described between 
1844 and 1890. Fossils from the Olenellus zone were not found 
in Europe until 1868, when Nathorst recorded them from Sweden. 
Since that date they have been found in Norway, Russia and Great 
Britian. 

In establishing the limits of the Olenellus zone, the base is con- 
sidered by Mr. Walcott to be * < where the genus Olenellus, or the 
fauna usually accompanying it first appears ; beneath that horizon, 
the strata are referred to some of the pre-Cambrian groups of 
rocks." (p. 549.) This reference is made irrespective of whether 
the latter lie conformably beneath or separated bN' a marked strati- 
graphic break. In the former case, however, Mr. Walcott con- 
siders that possibly the range of the Olenellus fauna, and therefore 
the Lower Cambrian zone may be extended downward into what 
are now regarded by him as Algonkian rocks. Descriptions and 
illustrations of sections in Nevada, Utah, British Columbia, the 
Grand Canon of Arizona, eastern New York, Vermont and New- 
foundland are given in this connection. 

An important and interesting section of the paper is that which 
deals with the features of the North American continent during 
Lower Cambrain time. It is considered that the continent was 
then outlined in a rough way, and had a somewhat similar form to 
that at present. The fauna lived on both the east and west sides 
of the continent. *' Strictly speaking, " he says, <'the fauna did 
not live upon the outer shore facing the ocean, but on the shores 
of interior seas, straits or lagoons that occupied the intervals be- 
tween the several ridges that rose from the continental platform 
east and west of the main continental land surface of the time." 
The idea here expressed will, if accepted, make it necessar}* to add 
a new map to the series illustrating the growth of North America ; 
and it will have to be represented as of much greater extent thaa 
the Silurian which came later. The view advanced is considered 
sustained by the following evidence : (1.) The strata containing 
the Olenellus fauna are known only in the eastern and western por- 
portions of the continent ; (2.) as far as known the Lower Cam- 
brian strata are absent in the interior of the continent ; (3. ) the 
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Upper Cambrian strata are uneonformably superjacent to the Al- 
gonkian and Archean rocks, over areas where the Middle and 
Lower Cambrian formations are absent ; (4. ) the strata of the 
Middle and Lower Cambrian are conformably beneath the Upper 
Cambrian on the eastern and western sides of the present continent 
in all sections where the three divisions are present" (p. 557.) 

This portion of the paper is illustrated by one map showing the 
general distribution of Lower Cambrian strata, and by a second 
upon which are shown a number of sections from typical areas. 
These indicate the relations between the base of the Lower Cam- 
brian and the rocks beneath, as well as the relation between the 
top and the overlying series. While a theoretic section across the 
continent from east to west shows the troughs in which the Lower 
Cambrian rocks were deposited, and indicates the presence of a 
land area between the Adirondacks and the Eocky mountains. 
Other illustrations show the unconformity between the Potodam 
and the underlying Archean of the Mississippi valley. The gen- 
eral conclusion arrived at is that the interior of the continent, prior 
to Upper Cambrian time, stood at a relatively high level. This 
seems to be proven by the accumulation of more than 10,000 feet 
of sediment in Nevada and in the Wasatch mountains, by the 
great thickness of strata of Lower and Middle Cambrian age on 
both the east and west sides of the continent, and the absence of 
these rocks in the interior. Mr. Walcott further says : * * That 
the Upper Cambrian sea was transcontinental is shown by the 
presence of the same species of Upper Cambrian fossils in similar 
stratigraphic relations to strata containing the Ordovician ( Lower 
Silurian) fauna in the valleys of the St Lawrence and lake 
Champlain, and on the slopes of the Adirondacks in New York ; 
in the southern Appalachian region of Tennessee and Alabama ; in 
the upper Mississippi valley in Wisconsm and Minnesota ; in the 
sandstones and limestones of Texas and the Black Hills of Dakota, 
and in the limestones of Nevada and Montana." (pp. 561, 562. ) 
It is not argued that the fauna of these widely separated 
localities were contemporaneous, but that they have identical 
Btratigraphical relations everywhere to the fauna above, and to 
that below when it is presnt 

In the notice of European deposits a map is given, copied from 
one by Hicks, upon which is shown the distribution of the for- 
mation and several typical, vertical sections. 

A resume of the fauna shows the existence of 67 genera, 165 
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species and 12 varieties of fossils from this formation in America, 
In several localities in this country and in Europe no unconformity 
is found between the Lower and Middle Cambrian, and there is at 
present no way of accounting for the change from the OlenelluQ 
to the overlying Paradoxides fauna. 

A number of new forms are described in the last section of this 
paper, one of them, Trachyum vetustum by Dawson and the others 
by Mr. Walcott. The figures illustrating the species are, in gen- 
eral, excellent Students interested in the problematic Cruziana 
will find a number of plates illustrating various forms it assumes. 
The belief is expressed that many of the so-called species were 
formed by one kind of animal, while even had specific differences 
existed in the animals themselves, those would not be manifest in 
the trails or burrows made by them. The trilobites are placed in 
sixteen genera, and number fifty-three species, forming less than 
one-third of the entire fauna. Under Olenellus nine species are 
recognized, these being referred to Ohnellus proper, and the sub- 
genera Mesonacis and Ilolmia, The species are illustrated on a 
series of twelve plates, which are most valuable for comparison. 
The genus Atops of Emmons is discarded and replaced by Con<h 
coryphe. upon the ground that it was so badly defined and figured 
as to be unrecognizable until the discovery of new specimens in 
the type locality over forty years after its original discovery. 

The paper will doubtless create discussion, and while some of 
the conclusions of the author may not be accepted by all paleon- 
tologists, something that can scarcely be expected, certainly all 
will be glad to have this full presentation. 



THE FAUNA WITH GONIATITES INTUMESCEN8, 

BEYRICH, IN WESTERN NEW YORK. 

By J. M. Clabke, Albany, N. Y. 

Some years ago the writer had the opportunit}-* of discussing at 
considerable length the faunas of the Genesee shales and those 
beds of the ** Portage group " which were designated by professor 
Hall, in 1840, the '< Cashaqua shale " and the *' Gardeau or Lower 
Fucoidal group. " The data accessible at the time of this work 
had been collated mainly from the southern area of Ontario and 
Livingston counties, incidentally from Yates county on the east 

•Bull. No. 16, U. S. Geological Survey: The Higher Devonian Fauna 
of Ontario county, N. Y. 1885. 
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aad Genesee county on the west ; they were the result of careful 
observations made over a period of several years and part of the 
outcome of the work was a considerable increase in our knowledge 
of faunas which had hitherto been regarded as exceedingly meager 
and uninviting to either the geologist Or palaeontologist 

Since the publication of this paper the writer has taken every 
opportunity (always with the co-operation of his friend, Mr. D. D. 
Luther, of Naples,) to add to his representation and knowledge of 
these faunas. It has been inconvenient to undertake any systematic 
investigations in the country adjoining either on the east or west; 
but such desultory tours as have been made over the outcrops of 
these formations in the neighboring counties, lead to the conviction 
that certain important f aunal characters are more positively de- 
veloped in the Ontario county section than elsewhere, and that for 
the study of these fossil faunas in their fullest development no 
area is as favorable as that which circumstances have made it con- 
• venicnt to thoroughly investigate. 

The large amount of new and highly interesting material that 
has been obtained from these beds now makes the faunal lists of 
quite formidable size ; furthermore, the fossils, though of some- 
what rare occurrence, are not of such inferior preservation as one 
would infer from an inspection of the most extensive palaeozoic 
collections, of the country, or from a few days' or weeks' collecting 
tours in the field ; they have, with patient work, proved moderately 
abundant and often of exquisite preservation ; indeed, we now 
possess series of many of the species, which afford the develop- 
mental stages ' from early age to maturity. It is the hope and 
purpose of the writer to eventually elaborate these interesting 
faunas and the growth-phases of their component species ; the ob- 
ject, of the present paper, however, is to indicate their quantiva- 
lence and time-values. 

Along the meridional section indicated, in a general sense that 
of Canandaigua lake, the Genesee shales lie directly on the upper 
shales of the Hamilton group, the TuUy limestone having thinned 
out and disappeared a few miles to the east These shales have 
here essentially the same lithological characters and variation as 
on the High Banks of the Genesee river, their separation from the 
underlying ai^illaceous Hamilton shales being rather more abrupt 
than is usual between formations of shaly rocks following each 
other conformably. Toward their base they are somewhat arena- 
ceous, but rapidly become very bituminous and heavy-bedded, these 
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latter layers bearing quite sparingly traces of oonodonts, fishes and 
plants, with Leiorhynchus quadricostattts and Orbiculoidea lodenHs. 
Toward the top they s^ain become argillaceous. 

The fauna of the upper and lower shales is very meager at the 
best, and consists essentially* of these species : 
QonkiMtes uniangularU Conrad, CoUolus adculum Hall, 

Pleurotomaria rugulcUa Hall, Lunulicardium fragile Hall, 

LeUyrhynchii8qu4id/rico8tatusYsknvLxem, OrbicuUndea lodensis Vanuxem» 

This is a well known combination characterizing the black shales 

throughout their extent in this state, eastward and westward of 
this meridian. 

Shortly after the retreat of the Hamilton fauna and the first ap- 
pearance of bituminous sediments with this association of organic 
remains, there appeared an interesting incursion of species which 
invites special attention. This faunule has been studied only at a 
single outcrop in BelPs gully, on the east shore of Canandaigua 
lake, in a thin band of black shale but few feet from the base of 
the series and distinguishable from that immediately above and 
below onl}' in being slightly less sandy. It would be natural to- 
expect, among the earlier portions of these sediments, some indi- 
cations of a more or less restricted return of the characteristic as- 
sociation of the Hamilton ; such indications, indeed, it is quite 
likely will be found, but this little assemblage is not of such a 
nature. The following species have been identified : 

Conodonts in considerable variety. 

Entomis sp. 

Fragments of an undetermined phyllocarid crustacean. 

Orthooeras sp. 

HyolUhes sp., unlike species of the Hamilton or succeeding faunas. 

Tentaculites sp. 

*StyHolina flssurella Hall ; not especially abundant. 

* Pleurotomaria capUlaria Hall. 

*P. itys Hall, var. tenul8pira Hall. 

♦P. rugulata Hall. 

Niumlites, sp. nov.; abundant. 

Lunidicardium, sp. nov.; a spinose species occuring both in the Sty- 
liola layer and the Naples beds. 

Cardiola Doris Hall, 

C. (Buchiola) retrostriata von Buch, 

Phthonia like P. nodocostMta Hall, but persistently smaller in size. 

*Chonete8 lepida Hall, 

ChoneUSt cut, aurora Hall, 

Twigs of Psilophyton or Rhachlopterls. 

The usual species of the black shales are thus seen to be almost 
wholly absent from this assemblage. Such of the species (those 
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marked with an asterisk) as have appeared in the faunas of the 
Hamilton series, continue their existence to a still later period and 
they, together with Lunulicardium sp. noY. , Cardiola Doris, and 
C, retrostriata, constitute an association which is emphasized in 
the more abundantly developed faunas of the Styliola layer and 
the Naples beds. 

Exceedingly interesting is the occurrence of a form of Chonetes 
which it is difficult to separate from Chonetei aurora Hall, a form 
known in New York only in the fauna of the Tully limestone, to 
which reference will subsequently be made. 

Above the most densely bituminous layers of the Qenesee shales 
and near the middle of the series, occurs the stratum which has 
already been termed the Styliola layer\* a bituminous limestone 
but a few inches in thickness, often compact, sometimes of a sub- 
crystalline and loose texture, at others inclined to be shaly or 
actually passing into thin chocolate-colored shales, nevertheless 
persistent over an east and west strike of at least 20 miles. It is 
essentially an accumulation of millions upon millions of the minute 
pteropod shell known as Styliola or Styliolina Jissurella Hall.* 
Only in a few places does this fossil appear to have given way to 
an inoi^anic ai^illaceous calcareous matrix. ' The fauna of this 
layer is an assemblage of species, some of which occur in the 
Genesee shales above and below, but many of them appear here for 
the first time. The following list, though incomplete on account 
of including several important undescribed species, is still suffi- 
ciently full to serve our present purpose : 

Dlnicthy8 newberryi Clarke. 

PalseonUcua devonicus Clarke, (also in the Naples beds). 
Undetermined plates and scales of fishes. 

Conodonts, (not common, but similar in form to those below, and in 
the Naples beds above). 

*See Bull. U. S. Geological Survey, No. 16 and Neues Jahrbuch fQr 
Mineral. 1891. Bnd. 1. 

'For a figure of a thin section of this pteropodal limestone, see Nich- 
olson and Lydekker's Manual of PalsBontoIogy, vol. 1, page 24, fig. 8. 
1889. This illustration does not show the interesting effects produced 
by the crystallization and cleavage of the calcite, which are referred to 
in Bulletin No. 16. 

*The position of this layer is Just above the heavy bituminous beds 
and not far from the middle of the series. In the Beirs gully section 
the lower arenaceous shales are thin and contain stragglers from the 
Hamilton molluscan and crustacean fauna with a great abundance of 
Leiorhynchus quadricostatus. They are about 15 feet in thickness, the 
overlying heavy bituminous beds having a thickness of 112 feet. Above the 
Styliola Uiyer there are 85 feet of the more sandy black shales overlaid 
by the green shales and thin sandstones of the Naples beds. 
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OoniaUtes intumeacens Beyrich, {^Chmiatites pateraoni Hall; I have 
collected and studied scores of specimens of this species from the Intu- 
mescens-kalk of Westphalia and the Hartz and can find no single detail 
or general feature on which to base a separation of this from the typi- 
cal German form. Also in the Naples beds). 

OoniatUes uniangularis Conrad, (abundant; also in the Naples beds). 

OoniatUes nodifer Clarke, (in the Naples beds?). 

OorvlaUtes sp. nov. (a), (a deeply umbilicated primordial species with 
intumescens sutures and very strong concentric growth-varices on the 
younger whorls. Also in the Naples beds). 

OnniatUea sp. nov. (b), (a small primordial species with flattened dor- 
sum; compare O. forcipifer Beyrich. (Also in the Naples beds). 

Ooniatites sp. nov. (c), (allied to G, intumescens but closely umbili- 
cated and with more inflated whorls. Not common). 

ChniatUes sp. (d), (similar to G. v/niangularis but sharply carinate on 
the dorsum). 

Orthoceras pcusator Hall. (To this species is referred the commonly 
occurring Orthoceraa of the rocks, a smooth, terete form with constric- 
tion on the chamber of habitation. Also in the Naples beds). 

Orthoceraa acUnUoidea Clarke, (also in the Naples beds). 

Orthocerasf filosum Clarke. (The surface markings of this species 
are similar to those of the genus Pharetrella (P. tenetroaa Hall); it may 
prove to belong here. Also in the Naples beds). 

Orthoceraa sp. nov. (a). 

Orthoceras sp. (b). 

Orthoceraa sp. (c) 

Oomphoceraa sp. nov. (a). 

Oi/mphoceraa sp. nov.? (b). 

BactrUea sp. nov. (also in the Naples beds). 

Coleolua aciculum Hall; (also in the Naples beds), 

Tentaculitea graciliatrtatua Hall, (also in the Naples beds). 

Styliolina flaaurella Hall, (exceedingly abundant in the Naples beds). 

Bellerophon atriatua (Fer. and d'Orb.) Bronn. 

Bellerophon inda^ia Clarke, (also in the Naples beds). 

Bellerophon sp. nov. (a). 

Bellerophon sp. (b). 

Loxonema noe Clarke, (also in the Naples beds). 

Pleurotomarla cnf. itya Hall. 

Pleurotomaria itya, var. tenuiapira Hall, (also in the Naples beds). 

Platyatama mlniUiaaimum Clarke. (This little shell is so exceedingly 
abundant both in the Styliola layer and in the concretionary layers of 
the Naples beds that there may be good reasons for regarding it of 
pteropodal nature, like Limacina and Spirialia, but dextrally coiled). 

PUUyatxyma sp. nov. 

MacrocheUua sp. nov., (also in the Naples beds). 

A new gastropodous genus, suggestive of Autodetua Linnarsson, but 
a true phorid. 

Lunult4xirdium fragile Hall, (also in the Naples beds). 

Lunullcardlum omatum Hall, (also in the Naples beds). 
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Lunulicardiwm sp. nov. (a), (with spines on the lunule; also in the, 
Naples beds). 

Lunulioardium sp. nov. (b). 

Nucula sp.? cnf. diffidens Hall, (also in the Naples beds). 

Ludmaf t cnf. suborhicularis Hall, (also In the Naples beds). 

Lucinaf t sp. nov., (also In the Naples beds). 

Cardiola (BiuMola) retrostriata von Buch, (not uncommon; very 
Abundant In the Naples beds). 

Cardiola doris Hall, (also in the Naples beds). 

Strophalosin, a small species like S, truncata Hall). 

ChoneteB lepida Hall. 

Leiorhynctvus «p. ? 

Lingula spatulata Vanuxem (also in the Naples beds). 

Orhiculoidea^ (a very small species). 

dadochonusf sp. 

Melocrinus clarkii Williams, (also in the Naples beds). 

Cladoxylon mirabile Unger. 

DadoxyUm clarkii Dawson, (also in the Naples beds). 

Dadoxylon newberryi Dawson. 

Cyclovtigrna affine, Dawson. 

Lepidodendron pnmasvum Rogers (Dawson's identification. Also in 
the Naples beds). 

Lepidodend/ron ga^pianum Dawson. 

This association of organisms was broken up with the closing 
of the comparatively brief period of time represented by the Styliola 
layer, and only occasionally do representatives of the fauna ap- 
pear scattered through the overlying mass of dark shales. A 
tew forms, e. g. Cardiola retrostriata^ Loxonema noe, Pleuroto- 
maria ityi^ var. tenuispira, return in the upper levels of the 
series, in association with characteristic Genesee species, Lunuli- 
aardium fragile^ etc. 

Thereupon follow the compact greenish sandy shales with thin • 
laminated sandstones, which characterize the Cashaqua shales, or 
base of the ** Portage" series. 

The lower beds of these greenish shales and flags alternate with 

m 

two or more considerable beds of black shale, which are, at times, 
exceedingly bituminous and very heavy-bedded, but usually some- 
what arenaceous, in other words, are very like the Genesee beds 
beneath. The characteristic fossils of the Genesee beds do not, 
however, reappear at these horizons as far as known; indeed, the 
only invertebrate fossil that has been found here is an interesting 
goniatite allied to G. chemungensis Hall, and described by the 
Writer as a variety of that species; a form with a multilobate 
Septal suture like G. clavilobus Sandbei^er, a lower Upper Devon- 
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ian (Intumescens-kalk) species occurring at Brilon, Westphalia.* 
Fish remains are sparingly found, {Palceoniscus devonicus^ Acan-^ 
thodes ? priscuB^ and several undetermined species) with occasional 
fragments of Lepidodendron and other plants. The shales ly- 
ing between and above these bituminous bands became filled up- 
ward with increasing amounts of sandstone until gradually and 
finall}' the thin-bedded sandstones predominate over the shales. 

It was to this portion of the Portage series that the term < < Gar- 
deau or Lower Fucoidal group " was originally applied, and to the 
upper and overlying beds which are mostly heavier bedded sand- 
stones, the name *< Portage or Upper Fucoidal group." The fact 
is that the alteration in the lithological nature of the sediments 
has been a very gradual evolution and it is quite impossible to 
uphold a satisfactory division of the series on such a basis. The 
palseontological evidence is different. With the introduction of 
the green shales of the Cashaqua or basal division of the series, 
we find certain species of the Styliola fauna reappearing. These 
become more abundant or are at least better retained in the beds 
of shales lying between the first and second bituminous bands or 
wherever there is sufficient calcareous matter in the strata to form 
subconcretionary lenticles. 

It is here that the fauna attains its highest and most character- 
istic development, but so far forth as the shales prevail, even 
after the very material encroachment of the more arenaceous sedi^ 
ments, the same fauna accompanies it We refer to the fauna in 
its toute ensemble, the variations in the faunules of a given stratum 
from that of the next above or below being of limited significance 
either geologically or palseontologically. In the lower beds the 
species of the shales are occasionally found in inferior preserva-. 
tion, in the thin layers of sandstone, but as the sandstones become 
heavy-bedded and more continuous, this is a rare occurrence. 
Reference has been made in Bulletin No. 16, (p 68) to the appear- 
ance in the midst of the << Portage" sandstones, that is, in the 
upper member of the series lying between the Genesee shales and 
the Chemung sandstones, and about 600 feet below the earliest 
known occurrence in this section of a fauna with Spirifer dis* 
junctus and Orthis tmpressa, of an assemblage of brachiopods, 
Leiorhynchus mesacottalis, Amhoccelia umbonata, Atrypa aspera, 
Rhynchonella eximta, etc. , which are a new association and one 

♦Kayser. Zeitschr. der deutsch. geolog. Gesellsch. vol. xxlv, p. 667, 
1872. 
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t*eappearing constantly' together with Spirifer disjunctus in the 
normal Chemung fauna. Directly beneath this level is the last 
known appearance of the fauna of the shales below. 

It has become evident that the original terms applied to sub- 
divisions of the Portage series have a very restricted lithological 
value and must lead to deception in regard to the faunal contents 
of the strata. It was for such a reason that the writer has made 
use of the term Naplet beds for the former and Naples fauna for 
the latter ; the use of the term Cashaqua would express but a 
part of the truth, and the combination in one appellation of both 
Cashaqua and Gardeau, would gain in ugliness what it lacks in 
precision. 

Attention is again briefly directed to a peculiar concretionary 
limestone stratum occurring in the Naples beds about half-way 
between the top of the first and the base of the second band of 
black shale. This is a thin, quite persistent layer, bearing a con- 
siderable intermixture of silica and pyrite, in color passing from 
a gray into various shades of green and red. It is a fine example 
of the ^^Knollen'' and ^^Kramenzelkalke '' of the Germans, so 
characteristic of the lower Upper Devonian horizons in Westpha- 
lia and also described by F. Roemer, Lee, Champemowne aqd 
most recently by Ussher. This stratum is full of goniatites, 
principally G. intumescens^ associated with G, unianffularis, Or- 
thoceras pacator, Bactrites sp, , Loxonema noe, and with immense 
numbers of Platy stoma minutissimum. A similar formation is 
not known to occur elsewhere in the Devonian of Americii, and 
its significance will appear in the comparison of the species of the 
Naples fauna with their representatives in other countries. 

The accompanying list of the species of this fauna is neces- 
saril}' incomplete. Many interesting forms are undescribed and 
their affinities can only be indicated. 

THE FOSSILS OP THE NAPLES BEDS. 

(Intumescens Fauna) 

PaUeoniscus devonicus Clarke, (bituminous bands) 

Acanlhodes prisons ClsLvke. '* ** 

CJonodonts in considerable variety *' ** 

Echltwcarls whUfieldl Clarke. ♦* ** 

Echlnocarinf heechert Clarke. 

Spaihiocaris emersoni Clarke. 

OoniatUes intumescens Beyrich, ('^O. patersoniB.aM), These shells 
agree with the typical form of Beyrich's species, that with a rounded 
dorsum, and are much more closely adherent to this type than many 
shells which are referred to this species in the German Devonian. The 
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American species does not become carinate nor evince an appreciable 
degree of variation in a large number of specimens. It is the predom- 
inant goniatite of the fauna. 

OoniatUes ainuosus Hall. Specimens of O. intumescens which have been 
exposed to weathering since fossiliation or to maceration before it, often 
exhibit peculiar modifications of the septa. The specimens found in the 
thin sandy layers or flags are usually thus modified and in some of their 
conditions are similar both in exterior and septum to those which have been 
described as O. sinuosus and O, nundaius. I am at present inclined to 
believe that O, 8inuo8U8 is only a condition of O. intumescens resulting 
from modification by mechanical and post-vital influences. The species 
known in the Intumescens-kalk of the Iberg-Winterberg, Hartz, and 
Adorf in Waldeck, as O. carinatus Beyrich, is, in every respect siml-^ 
lar to G. intumescens save in the fact that the lower lateral lobe is 
rounded instead of acute. This, however, is a feature which character^ 
izes an undeveloped condition of O. Intumescens, as shown by Holzapfel 
and myself, and it is questionable if the forms can be properly separated 
on such a basis. 

Goniatites imlangluaris Conrad. One of the Simplices, very closely 
allied to G. retrorsus simplex, 

GoniatUes bioostatus Hall. Another member of the same group. 

Goniatites lutheri Clarke. One of the Primordiales with sharp lateral 
saddle. I know no species with which this may be directly compared. 

GmiiatUes compUinatus Hall. This species was originally described 
as Clymeniaf compLancUa in the Report on the Geology of the Fourth 
District of New York ; the figure accompanying the first description 
gave only the exterior of a flattened specimen having the same expres* 
sion and degree of umbilication as G. lutheri. The subsequent illustra- 
tions and description of specimens referred to this species in volume v of 
the Palaeontology of New York, show a septum like that of the Simpli- 
ces and totally different from that of G. lutheri, I have been unable ta 
discover the original specimen of G, complanatus either in the New York 
State Museum or the American Museum in New York city, and without 
it, it will be impossible to determine the value of the species. The 
designation complanatus may under the circumstances properly be 
applied to such goniatites as show the suture referred to, and must be 
limited to such. However, no goniatite of this character is known to 
me in this fauna. 

GonUUites chemungerisis Hall, var, Clarke. The single specimen is 
from the lower black shales and shows no suture ; should it prove to be 
allied to G. ctiemunyensis it may be regarded as a respresentative of the 
Irregulares. 

Goniatites sp. nov. A very large representative of the Nautilini, 
closely allied to G. Roemeri Holzapfel (Adorf). See Gon. (b), Styliola 
layer. 

GcmUUUes sp. With a broad, grooved and rounded dorsum ; in exter- 
nal characters it may be compared to G, evexus von Buch ; internal 
characters not known. 

C^Qniatites sp. (G. sp. nov. (a) Styliola layer). A primordial species 
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with strong concentric flutings on the early whorls, which become less 
conspi clous with age and at maturity form sharp, close, concentric lines. 

ChmiaUtes sp. A species with a broadly flaring chamber of habitation 
and suture similar to that of G. milenaterL 

Ooniatites sp. A primordial goniatite like G. intiimescensy but small, 
less umbilicate, with closely crowded septa and sharply angled lobes 
and saddles. 

OoniatUea sp. A deeply umbillcated species, with broad grooved, dor- 
sum and costate whorls ; cf. O. tuberciiUUua Holzapfel. 

Besides these species of goniatites there is some more or less imper- 
fect material which indicates the existence of a few additional forms. 

Orthoceras pacator Hall. 

OrUwceras aciculoides Clarke. 

Orthoceras (mtario Clarke. 

Orthoceras Jllo^im Clarke. 

Orthoceras sp. no v. 

BuctrUes sp. nov. 

Bactriles sp. 

HyoliZhes neapolis Clarke. 

Coleolus aciculum Hall. 

Tentaculites gradlistriatus Hftll. 

StylioUna Jlssurella Hall. 

MacrocheUus sp. nov. 

Platyswma minutissimum Clarke. 

Pleurotomaria ityst var. tenulspira Hall. 

PaZcBOtrochris prcBcursor Clarke. 

Loxonema noe Clarke. 

Bellerophon nataar Hall. 

Bellerophon incistis Clarke. 

Bellerophon sp. nov. * 

Leptodesma cf. Lichas Hall. 

LeU/pteria Icevls Hall. 

Orammysia sp. nov., of the general expression of O. svbarcuata Hall. 

Macrodon sp. 

NucuUtt cf. diffldens Hall. 

PaUBoneilo miUa Hall. 

Ungulina svborbicularis Hall. This abundant shell is very variable. 
In a large number of finely preserved individuals, it appears that the 
nearly bilateral form with quite sharp concentric lines represented in 
the typical example, is of rare occurrence. Such forms sometimes show 
fine radiating lines and are connected by a normal series with shells in 
which the body of the valve is oblique and the surface frequently rugose 
from concentric growth-lines. The genus of this fossil is evidently not 
Ungulinay probably neither Car^iomorpha nor Edmondia. The shells 
described by H. S. Williams (Bull. No. 10, U. S. Geol. Surv.) as Lvdna 
tuyoTningensis and L. varysburgia, from this horizon in Genesee county, 
I am unable to identify from the figures and descriptions. There are 
before me 30 excellent preserved individuals of a species evidently con- 
generic with these (but by no means Luc^na). They are probably ident- 
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ical with one or both of Mr. Williams' species. 
Lunnhicardium omatum Hall, (X. plnnatum Hall.) 
Lunuliairdium fragile Hall. 
Lunulicardlum Ueve Williams. 
LunuUc(irdium sp. nov. (a) 
Lunulicardium sp. nov. (b) 
LunuUcardixim sp. nov. (c) 
Cardlola {Buchiola) retrostriata Von Buch. 
Cardiola Doris Hall. 
Cardiola sp. nov. 
PlwladelUi sp. 
LinguUi triquetra Clarke. 
Linguln llgcfi Hall. 
LlngiiUi spdtuUtUi Vanuxem. 
Orthothetes aictostrlata Hall. 
Chonetes scitula Hall. 
Strophalosia sp. 
Aulopora annectens Clarke. 
MeUjcrlnus cUtrkii Williams. 

From the lists given it is evident that the fauna of the Naples 

beds is the reapparition under more favorable conditions, of the 

assemblage appearing first in the Styliola layer of the Grenesee 

shales. The important characteristics of the fauna as a whole, are 

1) the prevalence and variety of goniatites ; 

2) the great numerical development of Cardiola retrostriata; 

3) the abundance and variety of species of the genus Lunnli- 
cardium, 

4) the frequent occurrence of certain species of coniferous 
woods. 

It is hardly necessary in this place to enter into an elaborate 
comparison of the Naples fauna with the various developments of 
the Intumescens or Goniatiten-kalk fauna in the old world, in 
Devonshire, Brittany, Belgium, Westphalia, the Hartz, the Sty- 
rian and Carinthlan Alps, the Urals, etc. With all these occur- 
rences there Will be found many features in common, and it may 
be assumed that the student of palaeozoic faunas is more or less 
familiar with the published discussions of these faunas. 

In the Naples fauna there is a noteworthy feature in the total 
absence of trilobitic remains which are usuall}' present, though 
not abundant in its transatlantic manifestations; and in the pres- 
ence of phyllocarid crustaceans, which are not elsewhere known 
at this horizon. On the other hand not only the predominant 
elements of the fauna but the generic association throughout, and 
the expression of the component species, is in precise harmony 
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with the composition of this lower Upper Devonian fauna else- 
where. At Martenberg, near Adorf, Westphalia, the Intumescens 
fauna has a peculiar expression from the great abundance of 
species of Lunulicardium. This feature is one rarely developed 
and in this respect the Martenberg and the Naples fauna are most 
closely similar, while a general agreement prevails in the other 
el^ents of the associations. The Martenberg fauna has been 
most carefully elaborated by Dr. E. Holzapfel* and while the 
number of species is greater than in the New York fauna, tha 
points of direct comparison may be indicated as follows : 
Gonlatites Slmplices. 

a «*«»..« von Buch. cr.jg;;^]^^^'*'- 

Gonlatites Irregulares. 

Q, tmiUUobatus Sandberger. of. O. chemungensiSt var. 
Gonlatites Primordiales. 

O. intumescens Beyrich. O. intutnescetis. 

70. carinatus Beyrich. of. ?G. sinuosus. 

O. tuherculatus Holzapfel. of. 0. sp. nov. 

O. forclpifer Sandberger. cf , O. sp. nov. 

Ort7ioce7ia«9u2)/teruo9umM{lnster. cf. O. sp. nov. 

0. vtttcUum Sandberger. cf. 0. fUosum. 

0. acuarium cf. O. paoator. 

Holopella arcuata Holzapfel. cf. Loxonema noe. 

Ma/rcrocheUusdunkert Rolzuptel. cf. Mcum>ch>eilus sp. nov. 

Pleurotomarto/aZci/craSandberger ) 

P. globosa Holzapfel > cf. P. Uys var. ten uistricUa. 

P. tenuUineata Holzapfel. ) 

NaMca adorf ensis Holzapfel. cf. PUUystoma sp. nov. 

Ca/rdiola retroatriata von Buch. C. retrostrkUa. 

C. sttbradiaia Holzapfel. Int n ^^vWo 

C. infiata Holzapfel. ) ^^' ^' ^*^^^- 

MytUarca heyrlchi Holzapfel. cf. certain variations of Lvdina?? 

sitborbicularU. 

Lunulicardium milllerl'B.olzSk^te]. I „• t a« 

L. cancelUUum Holzapfel. J "' ^' *P' ^^^• 

L. blckejiense Holzapfel. l^t t j^*,^ 

L. inflatum Holzapfel. ] ^^' ^' "^^• 

A comparsion like this can only serve to indicate, and that im- 
perfectly, similarities, which in some cases may prove specific 
identities, while interesting and important points of agreement in 
other species may not even be suggested. 

The species Cardiola retroitriata von Buch* ( Buchiola^ Bar- 
rande, Glpytocardia^ Hall ) makes its appearance in New York as 
in Europe in the earlier Devonian. It is found as low, though 
very rarely, as the black shales of the Marcellus division. The late 

♦Palaeontographica, Neue Folge, vol. viii, 6, xxvili. 
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professor Von Seebach cited CardiumpalmatumOroX^t^^i'^C. retro- 
striata Von Buch ) from the Wissenbacher ( (Joslarer ) schiefer of 
the Hartz, and F. Maurer, in < ' Die Thonschiefer des Ruppbach- 
thales bei Diez "* describes a form verv^ similar to (7. retrostrtata 
from the Wissenbacher-schiefer of the Rhine,* Barrande has 
also cited it from a still earlier horizon, his etage E, as he does 
also from the higher etage H, which ma}' be nearer the plane* of 
its normal maximum development in other faunas. Barrois has 
shown that the shales described by Caslano de Pradof as the 
^'Schistes k Cardiola retrostrtata de la CoUada de Llama," in the 
Province of L^on, Spain, are of equivalent age to the Wissen- 
bacher-schiefer of the Rhine.]: 

This identification is of much interest on account of the close simi- 
larity of the fauna of these black shales and the normal fauna of the 
Marcellus black shales. The black Cardiola retrostriata shales are de- 
scribed as " fins, amp^liteuxet argilo-ferrugineux." They have furnished 
but few species : 

Phacops latifrons Br onriy ct. Ph.rana (Marcellus shales) 

OoniatUea cf. occultus Barrande, cf. ? t O, diacotdeus ** 
Orthoceras regulare Sch\othe\mt cf. O, subulatum ** 

Bactrltes achlotfieimi Quenstedt, cf. B. ciavu8 '' 

PUnirotomaria subcaniiata F. A. | , „ ^,^„,^*- a 

Roemer ) ^'' ^' ^ty««*«» 

Po8ido7iomya pargai de Verneuil, ct.Pterinea lasvisGoldts. vskr.ainerir 

carMid'Orbigny (Marcellus shales) 
Cardiola retrostriiUa von Buch, idem. 

Retzia novemplicata, cf . t Leiorhynchu8 UmUaria (Mar- 

cellus shales). 

Its horizon of maximum and characteristic development, how- 
ever, wherever the specialization of the component elements of 
the upper Devonian faunas is more pronounced is below the normal 
horizon of Spiri/er disjunctus and above that of Rhynchonella 
cuboides. It is a usual member of the Intumescens fauna, but it 
is present at this horizon when the goniatite fades is wanting. 
In the north of France and on the Belgian frontier the *' Schistes 
k Cardium palmatum " are assigned the following position by 
Gosselet. { 

Schistes de Famenne, with Spirifer disjunctus, Rhynchonella 
ptignus , Proditctus subaculeatns; also Rh. cuboides, 

Schistes k Cardium palmatum^ with Goniatites retrorsus. 

Schistes k nodules argilo-calcaires, with Rh. cuboides, Atrypa 
retic ularis, 8p irifer euryg loss us . 

""♦Neues Jahrbuch fttr Mini 1876, p. 25. 

fNote g^ologlque sur les Terrains de Sabero et de ses environs dans 
les montagnesde L^on (Espagne); Ball. Soc. g6ol. France, 2d ser. torn 
v4I, p. 137, 1850. 

(Note sur le Terrain d6vonien de la Province de L6on (Espagne); 
Assoc. Franc, pour PAvancement des Sciences, 1877. 

{Annales des Mines, ser. 6, torn xll, p. 595, 1867. 
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In 1878 the same author gave the same order of succession, 
showing that the Schistes k Cardium palmatum occupy a distinct 
horizon between the Frasnien, or Cuboides limestone, and the 
Fam^nnien or the normal horizon of Spirifer dUjunctus* In 
other words, in this section, they occupj^ the position of the 
Groniatite or Intumescens fauna, and in absence of the latter 
in its fuller development, represent it. 

In the Domanik-schiefer of the Petschora Land,t the Iberger- 
kalk of the Hartz,t the shales of Torbay,|| and of Lower Duns- 
combe, 2 in Devonshire, it is coexistent with the goniatite facies 
of the Intumescens fauna. 

On the continent of Europe the faunas of the lower Upper 
Devonian are variable in facies. In the classical Eifel sec- 
tion immediately above the niveau of the Stringooephalus lime- 
stone or the middle Devonian, the brachiopod facies prevails (the 
Cuboides-schichtcn ), followed above by the typical Goniatiten- 
schichten, abundant in Goniatites Simplices. In the region about 
Aachen the brachiopod or Cuboides facies is again strongly devel- 
oped and the predominance of the brachiopod element is continued 
through the overl3nng beds, the Yemeuili-schiefar and Yemeuili- 
sandstein of Kayser. Here the cephalopod facies is again virtually 
wanting or insignificantly developed. In Westphalia, at Bredelar 
in the vicinity of Brilon, and at Adorf , the goniatite beds of the 
middle Devonian are directly overlaid by the goniatite limestone of 
the Intumescens zone. According to Kayser, the upper Devonian of 
this region is divisible into the lower zone ( < < Intumescens " ) and 
an upper, which he has termed the <<Mansteri zone;" and the 
latter is again divisible into the <' Cypridinen-schiefer '' below and 
the <^ Clymenien-schichten " above. 

In the Iberg-Winterberg terrain of the Hartz we have a remark- 
able fauna! association ; an unlaminated matsij contains not only 
the index fossils of the Cuboides and Intumescens zones, but an 
actually predominating number of middle Devonian species ; in 
other words, it appears to be an encroachment upon a middle 
Devonian fauna, of faunas of later date, the facies of which, 
usually differently developed elsewhere, are here still undif- 
ferentiated. 

*BIgby*8 Thesaurus Devon ico-Carbon if erus, p. 122. " 

fKeyserling, Eine Reise in das Petschora-land, p. 254, 1846. 
iciarke, Fauna des Iberger-kalks ; Neues Jahrb. 1884, Beil. Bnd. iii, 
p. 380. 
I Lee, Geological Magazine, new ser, vol. iv, p. 100, 1877. 
{Ussher Qaart. Journ. Geol. See. vol. xlvi, p. 506, 1890. 
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In the Ural mountains the phenomena are similar in many 
respects to those of the Iberger-kalk. Tschernyschew sa^^s :* 
* * The strata D^, characterized by the prevalence of limestone, 
with some bituminous layers and sandstone, abound in places in 
brachiopods which distinguish the Cuboides beds of the Eifel and 
Belgium ; in some localities, however, there are goniatites in great 
numbers belonging to the group of the Primofdiales and other 
forms somewhat common in the goniatite strata of western Eu- 
rope. In many cases this formation includes a great number of 
forms characteristic of the Iberger-kalk, where, according to Kay- 
ser and Clarke both the brachiopod and goniatite facies are rep- 
resented." 

Without citing further phases of the lower Upper-Devonian 
fauna, enough has been given to show that the terms Cuboides 
zone, Goniatite zone and Intumescens zone are, in a broad sense^ 
essentially equal time values and only expressions of varying 
phases or facies of equivalent faunas. 

The Intumescens zone in its best development, perhaps in West- 
phalia, is a horizon of limestones, it is therefore a noteworthy 
fact that there flhould exist so great a similarity in composition 
between the limestone fauna of Martenberg (Adorf ) and that of 
the shaly and sandy sediments of western New York. 

The Tully limestone of New York has been long regarded^ 
especially by European writers, as the equivalent of the Cuboidea 
fauna of the lower Upper Devonian. It is usual to find through- 
out European literature, in discussions upon the comparative value 
of these faunas and in comparative lists of species, this Tully 
limestone referred to the base of the Upper Devonian. The 
writer has himself thus referred to it on several occasions, t This 
is not the position in the geological scale to which it has been 
assigned by professors Hall, Dana and the American geologists 
generally. This limestone is the American horizon of Rhyn- 
chonella cuboides (as identified by Conrad in 1842, R, venuitula 
Hall, 1867 ), but this species is the sole distinctive representative 
of the Cuboides fauna in a fauna otherwise essentially of middle 
Devonian .age. The case is not parallel to that of the Iberg- 
limestone fauna ; in the latter the middle Devonian element^ 

•Die Fauna des mittleren und oberen Devon am West-abhange des. 
Urals, p. 10, 1887. 

fDie Fauna des Iberger-kalkes, p. 385. Forty-second Ann. Rept. 
N. Y. State Museum,- p. 405, 1889. See also Palaeontology of New 
York, vol. vil, p. 13. 
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though preponderating in actual number of species, is a far less 
percentage of the index fossils of the middle Devonian than the 
opper Devonian species there are of typical upper Devonian 
faunajs. Until quite recently no very detailed study of the TuUy 
fauna had been made, but in a late paper it has been discussed at 
some length by Mr. H. S. Williams of Ithaca.* Mr. Williams 
has adduced considerable new data without however elucidating 
the character of the entire fauna as known to-day. Conceding 
the well-known fact that the great majority of the species are those 
of the preceding fauna of the Hamilton shales, the author says : 
< * The fauna of the Tully limestone is made up of two groups of 
species, first those, having closely allied forms in the immediately 
preceding middle Devonian formations ; second, those having 
closer affinity with European forms than with any species occur- 
ing in the lower formation of America. " < * In the Tully limestone 
the latter class are few. '' Of this smaller group the following 
fossils have suggested to this author points of comparison with 
species of the Cuboides fauna : 

Orihis tulUensis Hall. 

This Schizophoria is represented in the middle Devonian 
throughout Europe by the well known 0, striatula and some 
allies. It also occurs in the Cuboides fauna of the Eifel and fre- 
quently in the Intumescens zone. In America the type of struc- 
ture exemplified by this species dates as far back as the middle 
Upper Silurian and becomes more or less abundant throughout the 
Devonian, but this species itself, as Mr. Williams has very ac- 
curately said, has a stability of form which is not manifested by 
its successors 0, impressa, 0. iowentis, 0. mac/arlanii ; a feature 
in which it agrees with the earlier Devonian, 0. propinqua, of the 
€omiferous limestone. It would puzzle an expert student to 
point out differences of even varietal value between the Cornifer- 
ous and Tully forms, and a palaeontologist better familiar with the 
European than with the American Devonian would certainly refer 
without hesitation both to 0. striatula. In the Hamilton fauna of 
New York, 0. Tulliensis is not known to occur, but in the cement 
beds about Milwaukee it appears in association with a strongly 
emphasized Hamilton fauna. This fauna has been described by 
Mr. R. P. Whitfieldt though the species in question has been 
referred by him to 0. impressa. 

*The Cuboides Zone and its Fauna ; A discussion of methods of corre- 
lation. Bull. Geol. Soc. Amer. Vol. 1, pp. 481-500, pis. 11-13, 1890. 
fGeology of Wisconsin, vol. iv, p. 324 et seq. 
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Wisconsin is one of the areas where the life of 0. proptnqua- 
ttUliensii was continued into association with a typical Hamilton 
fauna. There Rhynchonella cuboidea-venustula is absent, bat the 
reappearance of 0. propinqua-tullienais in the Tully limestone is 
quite as likely due to its return eastward as to an immigration from' 
the east We do not follow Mr. Williams in the statement that 
<<Its appearance in the following zone in New York, i. e., the 
Ithaca formation and the High Point fauna in Ontario county, 
suggests that the fauna to which it belongs is more directly asso- 
ciated with what follows than with the New York Hamilton fauna '' 
(p. 492). The High Point species is not a Schizophoria of this 
rigid specific type but is susceptible to very considerable variation 
and is more nearly like the form described by Meek as 0. Mae- 
farlanti. Moreover neither the Ithaca formation nor the High 
Point fauna constitutes the zone next following the Tully lime- 
stone in New York. 

Strophodonta perplana Conrad (sp. ) var. tulUentis Williams. 

The author makes an evidently good separation of a small form 
of this species with mucix>nate cardinal extremities, but the cor- 
relative importance given to the variation is far overwrought He 
says (p. 493): *» The • second species, S, perplana var. tuHtensis, 
is a mutation (sic) of the race which begins in Strophomena alttr- 
nata in the Trenton stage. " Undoubtedly Strophomena alternata 
is a representative of the stock from which the strophodontoid 
line emanated, but the <<race*' did certainly not have its begin- 
ning in this Trenton species. * Attention is called to the fact that 
at the base of the Devonian the < < race , " referred to develops into 
two ** races" (p. 493), one a thin flat form, typified by S. perplana 
Conrad, which is said to be * < an American type and is seen with 
variations all through our Devonian, but it is not described in the 
European Devonian. " Nevertheless the type is well known in the 
European Devonian and is represented by Strophomena explanata 
Sowerby, as identified by Kayser who states that it is known to 
him from all horizons of the Rhenish lower Devonian and is no- 
where especially rare, t 

The other **race," which is really the normal line of stropho- 
dontoid development, maintains the convexo-concave contour. 
'*This is the Orthis interstrialis Phillips, of the European Devo- 
nian and Strophomena intequUtriata Conrad, of the New York 

*Leptama incrassata and L. fiiscUitti Hall< of the Chazy limestones are 
species congeneric with Strophomena altemata. 
fDie Fauna des Hauptquartzits, p. 102, 1889. 
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Hamilton. The interstrtalis race is recognized in our Chemung 
Strophodonta cayuta and in the upper and middle Devonian of 
Europe and the east in Strophomena dutertrii and S, aselli, " It is, 
however, a fact that S. inceguistriatay S. cayuta and S. dutertrii 
represent a subordinate type of structure which has been desig- 
nated by (Ehlert with the term Douvillina. Whether S, inter- 
strialis and S, aselli belong to the same group we have no definite 
evidence. It is further stated that in the European <<race" (re- 
ferring to the convexo-concave strophodontoids,) the terminations 
of the hinge develop into slender, mucronate points ; that in the 
American <<race*' (the flat group?) << these mucronate points first 
appear in the Tully limestone forms and are characteristic of the 
race afterward till it ceases. The representatives of this (mucro- 
nate) type of Strophomena are common in Europe throughout the 
Devonian, going under the specific names inters trialisy aselli and 
dutertrii, and the conspicuous development of the mucronate 
points did not appear till about the stage of the appearance of 
RKynchonella cuhoides, " This argument is not a forcible one ; i^ 
is weakened, in the first place, by being based on distinct subor- 
dinate types of generic structure, and further, we might cite 
Strophodonta junia Hall, of the Hamilton group as an example of 
a species which frequently shows mucronate cardinal extremities, 
and to go back to the inceptive forms of the strophodontoid type, 
S. leda Billings, has these extremities strikingly developed, and 
this is a form which differs no more widely from S, demissa, the 
type of the genus Strophodonta than do the subordinate types of 
S, perplana and S. dutertrii. The species Strophomena armata 
and /S'. stephani Barrande, from the etage F. , are strophodontoids 
withe xtended cardinal angles. 

It is upon these two forms, Orthis tulliensis and Strophodonta 
perplana, var. tulliensis, together with Rhynchonella cuhoides- 
venustula, that the correlation of the Tully with the Cuboides 
zone is based. One other direct comparison is instituted between 
the Tully and the Cuboides species. In reference to Bronteus 
tullius Hall, it is said that it ^*is closely allied to a form of the 
European Cuboides zone (B. flahellifer Groldf)." But B, Tullius 
belongs to the subgenus Thysanopeltis (with spinous pygidial 
margin) and Bt flahellifer does not. 

It does not appear that there is much reason for regarding the 
correspondence of the Cuboides fauna and that of the Tully as 
greatly fortified by this evidence. The bond between the two is 
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undoubtedly what it has long been known to be, viz. : the coexis- 
tence of Rhynchonella cuhoides. The accuracy of regarding the 
TuUy as the time-equivalent of the Cuboides fauna, even though 
it were by virtue of this fact alone is, of course, beyond contra- 
vention. 

Another significant feature in the correlation of the New York 
Intumescens fauna is the abundance of certain species of conifer- 
ous woods. These are of much more frequent occurrence in the 
first appearance of the fauna, than in its reappearance, one species, 
described by Sir William Dawson as Dadoxylon chirkii^ being very 
common and occasionally appearing in the Naples beds above. Sir 
William has also identified the species D. nevcherryi Dawson, and 
Cladoxylon mirahile Unger, frompthe Styliola layer. The last of 
these species was described from the Cypridinen-schitf er ( Entomi- 
den-schiefer, T. R. Jones) of the Thuringian Forest (Saalfeld)* 
and identified by Dawson in 1882. t In a recent paper* on these 
fossil woods Sir William says in regard to the species Z>. {Cor- 
daioxylon) clarkii (p. 243); ** I may now add that the species is 
ver}' near to Araucarites ungeri of Groeppert, from the Cypridinla 
shales of Thuringia. This species appears to be the same with 
that originally described by Unger as Aporoxylon primigenium. 
The original description and figures of Unger did not permit an 
exact comparison, but as now figured by Stenzel in his revision of 
Ga?ppert's species, it approaches so near to D, clarkii b& to suggest 
the suspicion that it may be the same or a very closely allied 
species." • 

In the same paper professor Penhallow discusses at some length 
finely preserved specimens of Kalymma grandis Unger (the 
original also from the Cyprindinen-schiefer at Saalfeld), from the 
Black Shale of Moreland, Kentucky, a horizon which, though 
little studied, will probably prove equivalent to that of the Styli- 
ola layer. ? 

These woods introduce an interesting element into the association 

of fossils of the Intumescens zone, seeming to indicate a more 

rapid migration of the terrestrial fiora which characterized the 

""♦BeTtr. zur PamontoTogio desThOrlnger Waldes, Z welter Thell, p. 937 
pi. xii, figs. 6t 7. 1856. 

f Fossil Plants of the Erian and Silurian of Canada, pt. li, p. 126. 1882. 

^Notes on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and Kentucky, by Sir William Dawson and Prof. D. P. Penhallow; 
Canadian Record of Science, vol. iv, January, 1891. 

JDr. C. E. Beecher, who colleeted the specimens of Tmlymmn grandia 
referred to, informs the writer that OonUUites IntumatcenH occurs in the 
same rocks. 
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middle Upper Devonian of Europe, than of its marine fauna. 
Nevertheless, it may be observed that the fauna contains an un- 
described species of Gonlatites not far from G. muensteri and an 
Entomis allied to ^. {Cypridina) serratostriata,^ both of which 
characterize the upper zones of the Devonian in Westphalia. 

In conclusion it maj- be said that we have in the Upper Devonian 
of western New York, at the base, in the Tully limestone, a 
sparsely represented time-equivalent of the Cuboideszone (brach- 
iopod facies); this is followed by an abundant development of a 
normal Intumescens fauna, involved in shales which bear to a 
greater or less extent a fauna of a local or indigenous character. 
This Intumescens fauna or cephalopod facies of the lower Upper 
Devonian, includes certain elements at a maximum development 
( Cardiola retrostriata, coniferous woods) which in the European 
succession, frequently occupy distinct horizons below and above 
the normal horizon of the Intumescens zone. 



ON A PECULIAR FORM OF METALLIC IRON FOUND 

IN HURONIAN QUARTZITE, ON THE NORTH 

SHORE OF ST. JOSEPH ISLAND, LAKE 

HURON, ONTARIO.* 

By G. Christian Hoffman, F. Inst. Che in., Chemist and Mineralogrist to the 
Geological and Natural History Survt:y of Canada. 

In the course of examining some surface specimens of quartz- 
ite^ from the north shore — ^fifth concession, back of Campement 
d'Ours — of St. Joseph Island, it was observed that certain faces, 
apparently fissure surfaces, of the same, were coated with a thin 
deposit of dark reddish-brown limonite through which was dissem- 
inated, numerous metallic looking spherules, thereby imparting to 
it an oolitic structure. In the specimen which best showed its 
mode of occurrence, this deposit formed a layer, on one face, of 
from one to one and a-half millimetre in thickness, and this, judg- 
ing from the appearance of the exposed surface of the same, 
which showed indications of having been a contact surface, may 
perhaps be fairly assumed to represent the diameter of the origi- 
nal fissure. Running parallel to and in direct communication 
with the latter was a gouge-shaped groove measuring where it 

'*^From the Transactions of the Royal Society of Canada, vol. viil, 1891. 

*A greyish, in parts greenish and brownish coloured quartzite, with 
here and there an inclusion of white vitreous quartz, and red and black- 
ish or brownish black Jasper. 
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opened into the fissure, its widest part, five millimetres across, 
and having a var3'ing depth of from five to six millimetres. 
This groove, retaining these dimensions, extended right across the 
face of the specimen, which face, in this direction, measured four 
centimetres. There was nothing to indicate what the probable 
length of this groove may have been, as it occurred in the rock, 
in situ, or whether it occupied a vertical, horizontal, or intermedi- 
ate position, although conjecture might perhaps, in this particu- 
lar instance, favour the former view. It was closely packed with 
material of precisely the same character as that contained in the 
fissure, the material of the one forming an uninterrupted connec- 
tion with and, as it were, extension of, that of the other, so that 
we may indifferently regard the material in the fissure as an over- 
flow from the groove, or that in the latter, more especially if this 
meroly represented an elongated cavity, as a filling in from the 
former. 

No metallic grains or matter likely to have resulted from the al- 
teration of the same, or mineral from which the iron could possi- 
bly have been derived, was observable in any other part of the 
specimens examined. 

The material which, as already remarked, had an oolitic struct- 
ure, was dense in texture and firmly adherent to the face of the 
quartz. It was found to be made up of: 

Metallic grains 58.85 

Limonlte 39.7a 

Siliceous matter \AZ 

100.00 
The siliceous matter consisted of angular particles of quartz which 
had evidently been chipped off with, and remained attached to the 
material when removing it from the rock. 

The metallic grains varied greatly in size, the largest not ex- 
ceeding thirty-seven hundredths of a millimetre in diameter, 
whilst many, perhaps the greater number, were of far smaller di- 
mensions, and others were of microscopic minuteness. Although 
diverse in form yet all were rounded and, for the most part, more 
or less spherical in shape. The}' were stronglj" attracted by the 
magnet and after separation by its aid from the associated non- 
metallic matter, aggregated themselves into loose bunchy masses 
or formed trains. Brittle — in the process of pulverization 
emitted a faint yet distinct phosphorretted odour. Colour of 
freshly fractured surface of metal, steel-grey. When immersed 
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in a solution of cupric sulphate the grains became immediately 
coated with a film of metallic copper. They were readily at- 
tacked by hydrochloric acid with evolution of hydrogen possessing 
a marked odour of phosphine, the latter, however, gradually 
passed off as digestion proceeded, when a peculiar fetid smell sim- 
ilar to that which characterizes hydrogen evolved from wrought 
iron or impure zinc, was observable. Hydrochloric acid did not 
effect complete solution — ^the undissolved material still presenting 
a metallic aspect ; a further treatment with nitric acid, however, 
removed the remaining metallic matter, leaving a granular, nucle- 
iform, non-metallic, insoluble residue. 

The metallic spherules were found to have a specific gravity, at 
15.5® C, of 6.8612, and a composition, as follows : 

Iron 88.00 

* MaDganese 0.51 

Nickel 0.10 

Cobalt 0.21 

Copper 0.09 

Sulphur 0.12 

Phosphorus ' 0.96 

Carbon ? 

Organic matter undet. 

Insoluble, non-metallic, residue 9.76 

99.75 
The insoluble residue consisted of spherical, ovoid, etc. , shaped 
grains which were more or less coated with a yellowish-brown, ap- 
parently humus-like, substance. When broken, these spherules 
were seen to have a concentric structure, apparently of a concre- 
tionary character. On ignition the organic matter readily burnt 
off, leaving them snow-white. The ignited spherules were found 
to be exceedingly hygroscopic, so much so, that in the short space 
of time occupied in their transference from (me container to an- 
other, they absorbed not less than 0.775 per cent, of water. 
An analysis of this residue gave the following results : 

Silica 9. 1 7 

Alumina 0. 11 

Ferric oxide 0.10 

Lime 0.06 

Magnesia ; 0.03 

Loss?* 0.29 

9.76 

^The analysis was conducted upon a very small amount of material 
— the silica may, not improbably, be a little too low. 
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Hence, the centesimal composition — of the metallic portion of 
the spherules, would be : 

Iron 97.79 

Manganese 0.57 

Nickel 0.11 

Cobalt 0.23 

Copper 0. 10 

Sulphur 0.13 

Phosphorus 1.07 

Carbon ? 

100.00 
and that of the insoluble, non-metallic, residue ; 

Silica 93.95 

Alumina 1.13 

Ferric oxide 1.02 

Lime 0.63 

Magnesia 0.31 

Loss ?» 2.97 

100.00 
The limonite did not contain any, so to sa}', denuded nuclei, so 

that supposing it to have resulted from the weathering of the me- 
tallic spherules, the change had in no instance proceeded so far 
as to effect the removal of the whole of the metallic covering. 
Some of the nuclei were of microscopic minuteness, hence it 
may be inferred that even the smallest of the metallic spherules 
contained a siliceous nucleus. The limonite gave no reaction for 
chlorine. 

From what has preceded it will be seen that the metallic look- 
ing spherules which were disseminated through the limonite, con- 
sisted of nuclei of silica coated with a humus-like substance which 
in turn, was overlain by a metallic la3'er, the latter containing all 
the elements most frequently met with in meteoric iron. The 
amount of phosphorus is relatively large, that of the nickel, how- 
ever, verj' small, consequently if it be regarded as present in the 
form of any of the varieties of nickel-iron or schreibersite, it 
would represent but comparatively trifling amounts of either of 
these bodies. 

Owing to the fact that all meteoric iron contains nickel, the 
presence of that element in a native iron has generally been i*e- 
garded as evidence of its extra-terrestrial origin and for this rea- 
son the irons of Chotzen and Petropaulwosk although sometimes 

*Tho analysis was conducted upon a very small amount of material — 
the silica may, not improbably, be a little too low. 
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mentioned in connection with those of accepted telluric origin* 
are, in consideration of their having been shown to be nickelif er- 
ous, referred to by some authorities as most probably of meteoric 
origin. It will be remembered, however, that the native iron of 
Ovifak, Disco Bay, Greenland, which was at first regarded by the 
discoverer, NordenskiOld, and others as meteoric iron, also con- 
tains a certain amount of nickel, yet the observations of Steen- 
strup, TOmebbhm and Smith, make it very certain that the iron is 
not meteoric but of terrestrial origin, in which case the presence 
of nickel in an iron would not have the same significance as it was 
formerly supposed to have. 

Assuming, therefore, that the trifling amount of nickel present 
in this iron would not necessarily imply a cosmic origin, the rela- 
tively large amount of phosphorus accompanying the nickel, the 
presence of organic matter^ and the fact of the spherules contain- 
ing nuclei, apparently of a concretionary character, would suggest 
the possibility of this iron having a terrestrial source, upon the 
assumption that it has resulted from the reduction of an iron-salt 
by organic matter, in which case it would have a community of 
origin with the sideroferrite' of Bahr. 

I am indebted to my friend Dr. A. P. Coleman for the skill- 
fully executed water-colour sketches from which the accompany- 
ing plate has been prepared. These will serve to convey a far 
more accurate idea of the material under consideration than any 
mere verbal description of the same possibly could. 

EXPLANATION OF PLATE. 

Fig. 1. Shows mode of occurrence of the material in the rock — 
Natural size. 

Fig 2. Illustrates two of the most prominent forms of the me- 
tallic spherules — Magnified 85 diameters. 

'Such as the Iron found by Andrews in basaltic rocks from the 
Giant's Causeway, and that found by Mossier in lava from Gravenelre 
in Auvergne. 

^The presence of organic matter of the nature (humus-like) of that 
here referred to would not appear to be inconsistent with an extra-ter- 
restrial origin. The meteorite of Alals contained a carbonaceous mat- 
ter which Berzelius considered might not improbably be humus. W5h- 
ler found the carbonaceous matter of the Kold-Boke veldt and Kaba 
meteorites to consist of a mixture of amorphous carbon and bituminous 
matters, described as not unlike Scheererfte or Ozocerite. Cloez again, 
found the carbonaceous matter of the Orgueil meteorite to resemble, 
both in appearance and composition, certain humus substances. 

'A native iron found by Bahr, in the form of grains, thin laminae 
and powder, in a fragment of mineralized wood — resembling bog-iron- 
ore in appearance — from a floating island in the Ranlanger Lake in 
Smaland, Sweden. 
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Fig. 3. Shows diversity of form of the metallic spherules and 
disposition of these to form trains — Magnified 25 diameters. 

Fig. 4. Exhibits form and structure of the siliceous nuclei (the 
largest of these having been selected) — Magnified 25 diameters. 
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The Crenitic Hyphothesis. 

It must be highly gratifying to the author of this work * that 
after so short an interval as four years, he is called to issue a 
second edition, for it deals with some of the most advanced prob- 
lems of chemical and speculative geology, and is in demand only 
by those working geologists whose labor is in the Archean rocks. 

The most important part of this volume is that which treats of 
the origin and genetic history of the crystalline rocks, occupying 
chapters Y and YI. From his long-continued chemical and mine- 
ralo^cal studies in the geognosy of the crystalline rocks Dr. Hunt 
derived the <^ Crenitic hypothesis " of their origin. He shows that 
none of the hypotheses that had been proposed fully satisfied the 
conditions of the problem of their origin. 

There are six theories which he rejects. ( 1. ) That which he 
styles endoplutonic and which supposes the crystalline rocks to 
have been formed from the mass of the primeval globe as it con- 
gealed from igneous fusion, he shows, as remarked by Xaumann, re- 
quires a progressive consolidation from the surface downward. 
This order is the reverse of that which has been established for the 
normal succession in the growth of the crystalline rocks. In many 
parts of the world observers concur in the statement that these 
rocks are newer in ascending order, and gradually assume, through 
the so-called transition strata, the physical characters of the un- 
crystalline and sedimentary rocks. 

(2.) The exoplutonic theory conceives the crystalline strati- 
form rocks to have been formed from volcanic ejectamenta from 
beneath the superficial crust of the earth. This includes, besides 
lavas and pyroclastic rocks, the ordinary products of volcanoes, 
according to some of its adherents, also hydrated serpentinic and 

^Mineral Physiology and Physiography ; a second series of ChemUxU 
and QeoUigUsal Essays, T. Sterby Hunt. Second Edition, with new 
preface. Octavo, 710 pp., Scientific Publishing Company, New York, 1891. 



Editorial Comment. Ill 

leldspathic magmas, and even quartz, magnetite, limestone, rock- 
salt, anhydrite and some clays and sands. To this he states there 
is no evidence in the lithological character of these rocks of their 
volcanic origin. And that the universality of their distribution 
and unity of characters, as well as the thoroughly crystalline 
character of the gneiss, are incompatible with this idea. 

(3.) The 97i€tomorpAtc hypothesis would derive the primitive 
strata from the consolidation and the recrystallization of detrital 
plutonic rocks, or at least from rocks derived from the destruction 
of other older rocks, the debris from which had been laid 
down in the bottom of the sea as sediments. The enormous thick- 
ness of the primitive strata, at least 30,000 feet, and their world- 
wide extent renders it inconceivable that any older lands could 
have existed capable of furnishing this amount of material by any 
such process. Again the crystalline condition of the gneiss is so 
perfect that it bears slight resemblance to any rock known to have 
been formed by such consolidation from sediments; and all 
examples of reputed metamorphic rocks like those of the primitive 
strata, of secondary or tertiary age, have, on careful examination, 
been found to be based on wrong observation. 

( 4. ) The metasomatic hypothesis postulates the formation of vast 
deposits of limestone and their subsequent conversion into gneisses 
and schists by slow chemical replacement. This has for its basis 
the occasional observed association of some silicates with calcite 
and their substitution for it The author regards this hypothesis 
as a gratuitous one, and says that it << would make as great a de- 
mand on our credulity as the metamorphic hypothesis itself. " 

( 5. ) The chaotic hypothesis, of Werner, which supposes that 
all the materials of the crystalline rocks were originally dissolved in 
a primeval sea, and were successively deposited in crystalline form 
from it, meets with insurmountable ohemical difficulties, the chief 
of which is the inconceivableness of any conditions by which all 
these elements could have been held in solution by the ocean at 
any one tima This idea, successfully urged by Playfair and his 
followers, << contributed to the discredit which fell upon the Wer- 
nerian hypothesis.'' 

(6.) The theory of Daubr^e, the thermo^Tiaotic hypothesis, 
requires that the first oceanic waters be hot, and thus able to ex- 
ert a powerful solvent action upon the previously formed plutonic 
rocks of the primitive crust, transforming them into the present 
crystalline stratiform rocks. These waters were condensed upon 
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the primeval surface under a pressure estimated to be equal to 250 
atmospheres, corresponding to a temperature near that of redness. 
This process Hiint regards as prior to that in which the actual 
crystalline rocks were formed, their mineralogieal characters and 
associations being incompatible with the elevated temperature sup- 
posed. This early history was but a preparation for the generation 
of the crytalline schists, whose temperatures must have been such 
as to allow the existence of organic forms, evinced by Eozoon, by 
limestones, quartzytes, carbon, etc. 

These difficulties show that no previous hypothesis meets all the 
conditions. The author therefore proposes the Crenitic Hypothesis^ 

In the author's mind this hypothesis &as been a gradual growth, 
its various stages of advance being recorded in his successive pub- 
lished papers, since 1858. It << conceives the crystalline rocks to 
have been derived, directly or indirectly, by solution from a primary- 
stratum of basic rock, the last congealed and superficial portion of 
the cooling globe, through the intervention of circulating subter- 
ranean waters, by which the mineral elements were brought to the 
surface. » » » xhe cooling of the surface of the 
earth by radiation, and the heating from below, would establish 
in the disintegrated, porous and unstratified mass of the primary 
[basic] layer, a system of aqueous circulation, by which the waters 
penetrating this permeable layer would be returned again to the 
surface as thermal springs charged with various matters, there to 
be deposited. The result of this process of upward lixiviation of 
the mass would be the gradual separation of the primary, undiffer- 
entiated layer into an upper stratum, consisting chiefly of acidic 
silicates, such as feldspars with quartz, and a lower, more basic 
and insoluble residual stratum charged with iron oxide and mag- 
nesia, the two representing respectively the overlying granitic and 
the underlying layers, the presence of which beneath the earth's 
surface has generally been inferred from exoplutonic phenomena.'^ 

The fundamental fact of this hypothesis is the formation, by 
aqueous secretion, of zeolitic minerals in the cavities of basic 
eruptive rocks. This is pursued in its ramifications and modifi- 
cations until it is found that orthoclase, quartz, albite, amphibole^ 
garnet, epidote, magnetite, hematite, native copper, native silver, 
and in fact nearly all the minerals that are found in the gneisses 
or in schists, and many others, are explainable by aqueous secre- 
tion from basic plutonic rocks. 

The argument is pushed to its conclusion with a wealth of 11- 
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lustrations and a redandance of chemical interpretations which 
have made Dr. Hunt's writings unique in American geological 
literature. Among other facts he quotes the remarkable discovery 
of Murray and R^nard, viz : that a decomposition of volcanic 
detiital material goes dn at low temperatures in the depths of the 
ocean, transforming basic silicates, represented by volcanic glasses, 
such as hyalomelane and tachylite, into a crystalline zeolite on the 
one hand, and the characteristic red clay of deep-sea deposits on 
the other. This goes on at a temperature approximating zero, 
centigrade. 

As a theory the **Crenitic hypothesis" is well set on its 
legs. It has to undergo yet the fire of innumerable criticisms 
and the counteracting effect that may come from a more perfect 
knowledge of Archean stratigraphy itself than is evinced by the 
author. There is great diversity in the Archean rocks, and yet a 
grand progression in their general lithologic aspects. A stumbling- 
block which the theory will encounter at once is its ** sweeping " 
scope. The Archean rocks are all subjected to its single operation. 
That has been the trouble with all former h3'pothesi8. They have 
been based on partial evidence. All these rocks have been thrown to- 
gether in a lot, and if a part of them have been found explainable 
by any observed process, that has furnished foundation to explain 
them all. It will meet with another obstacle in the fundamental 
assumption that the supposed crenitic circulation of water in early 
Archean time would in the first instance, bring siliceous elements 
in solution to the surface, and would reject the basic elements. In 
the scale of solubility silica ranks very low among the natural 
minerals, and it is questionable whether natural waters would pre- 
vailingly take it into solution to the neglect of the others. Would 
not the order be the reverse from that supposed ? Would not the 
natural effect be the rejection, as a whole, of the more insoluble 
siliceous elements, and the removal of the basic by solution ? Is 
it not after water has first become charged with alkalinic or other 
solvents that it attacks silica and carries it in solution ? Is it not 
true that the characteristic elements of the supposed residual 
stratum, (iron-oxide and magnesia) are themselves more soluble 
than the characteristic elements of the supposed crenitic stratum 
and hence that they would be brought sooner to the surface ? 

The hypothesis starts out with a statement of what appear to 
be contradictory postulates, viz : First, the primitive basic stratum 
is said to be < <the last congealed and superficial portion of a cooling 
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globe," leaving as to suppose that the lower portions were cooled 
and congealed earlier, yet the circulation of the crenitic water is 
instituted and maintained by the < < cooling of the surface by radia- 
tion and the heating from below. " 

The << greenstones'' form the uppermost member of the pre- 
Taconic crystalline rocks. They are characterized b}' their re- 
semblance to the supposed << residual stratum," i. e., they contain 
in abundance the < < insoluble oxide of iron and magnesia. " The 
author supposes, in partial accordance with the latest deductions, 
that these rocks are the result, first, of exoplutonic extravasation, 
and second, of the chemical deposition of magnesian silicates from 
solution derived from the action of waters on this extruded mate> 
rial. There is here apparently another anomalous supposition in- 
troduced, in that the action of the surface waters on this basic 
matter removed the lime and magnesia which are said to pass in 
solution into the sea, leaving of course the siliceous elements 
undisturbed or at least not carrying them into the sea. Yet this 
basic matter is said to have been derived from the supposed ^ * res- 
idual stratum " and must hence have been not very much unlike 
the basic primitive stratum on which the crenitic waters are sup- 
posed to have acted with a result almost the reverse. 

The author takes but little account of the grand physical struc- 
tures of the Archean i*ocks, such as bedding, dip, compression, 
shearing, schistosity, and the various more minute features which 
are generally considered as indices of a long physical history and 
of the agency of mechanical forces in bringing these rocks into 
their present conditions. The idea of metamorphism from a 
stratified sedimentary origin is specially denied. The results of 
late microscopic research into the intimate structures are passed 
b}' in silence. 

These are some of the obvious difficulties which arise in the 
mind of the reader who attempts to digest the argument, and are 
not supposed to be insurmountable objections to the hypothesis — 
though sometimes hypotheses have been cast aside as worthless on 
no stronger evidence of inconsistency. 
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Oil the Nickel and Copper DepoalU of Sudbury, Ontario, By Alfred 
E. Barlow, M. A. (of the Geological Survey Dept.) This timely paper, 
which appears in the June number of the Ottawa Katuralist, deals in 
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general with the discovery, geological relations, mode of occurrence, and 
composition of the nickel and copper ores in the Districts of Algoma and 
Nipissing, together with their preliminary metallurgical treatment as 
carried on in this district. The discovery of nickel in Canada dates 
back to 1846, when its existence in workable quantities at the Wallace 
Mine, on lake Huron, was made known. In 1856, Dr. T. Sterry Hunt in 
his analysis of some trap collected by Mr. Alex Murray of the Geological 
Survey from the northwestern corner of the township of Waters, showed 
that small quantities of nickel and copper were present. These deposits 
are composed of very intimately mixed chalcopyrite and nickeliferous 
pyrrhotite. The detection at some of the openings of polydymite, a fer- 
riferous sulphide of nickel, as well as a few undoubted crystals of mil- 
lerite seems to Justify the Assumption that in the more highly nickel- 
iferous deposits, at least, the nickel is also present as a sulphide dissem- 
inated through the ore mass like the iron and copper. These sulphides 
may be said to occur in three distinct ways : 

1st, as contact deposits of pyrrhotite and chalcopyrite situated be- 
tween the clastic rocks, such as felsites quartzites, etc., and intrusive 
diabase or gabbro, or between these latter and granite or micropeg- 
matite. 

3d, as Impregnations of these minerals through the diabase or gabbro 
which are sometimes so rich and considerable as to form workable 
deposits. These sulphides are in no case present as disseminations 
through the clastic rocks very distant from the diabase or gabbro which 
seems clear evidence that they have been brought up by the latter. 

3d, as segregated veins which may have been filled subsequently to 
the intrusion which brought up the more massive deposits. These veins 
are not very common although certain portions of the more massive de- 
posits may have been dissolved out and re-deposited along certain faults 
and fissures. 

Assays made for the Canadian Copper Co., by Mr. F. L. Sperry, the 
chemist, show a range in the percentage of nickel from 1.12 per cent, to 
4.21 per cent, with an average of 2.38 per cent., while the copper varied 
from 4.03 per cent, to 9.98 per cent, with an average of 6.44 per cent. 
Mr. Hoffmann, of the Geological Survey, assayed four samples which 
showed the nickel contents to vary from 1.95 per cent, to 3.10 per cent, 
with an average of 2.25 per cent. The metallurgical treatment com- 
mences at the roast where the ore is piled in rectangular heaps on pre- 
viously laid cord wood and roasted for 50 to Todays and when thoroughly 
done should contain about 7 or 8 per cent, of sulphur. It is then smelted 
In a very perfect water-Jacketed furnace, the resulting product or 
* matte" containing about 27 percent, copper and 14 per cent, nickel. 
This is then packed in barrels and shipped to the various refineries of 
the United States or Europe according to their respective bids. 

The paper in question is the best report we have seen as yet upon the 
Sudbury region, and no one interested in the geological and mineralogi- 
cal problem involved, as well as the metallurgical points with which it 
deals, can be without it. 

On the Sequence of Strata forming the Quebec Group of Logan and 
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BUlings, with remarks on the FossU Remaina found therein. By Henry 
M. Ami, M. A., F.G. S., etc., of the Geological Survey of Canada. 

The above is the title of a paper communicated to the Royal Society 
of Canada by Dr. G. M. Dawson at its meeting in Montreal last May. 
The paper dealt with the geological facts and grounds upon which the 
Quebec group rested and made it a necessary term in the geological 
sequence of strata in North America, but especially in the Province of 
Quebec. 

The separation of the various formations constituting this natural 
group based upon faunal as well as on other physical relations, pointed 
clearly to the existence of such a series of highly fossilferous sediment- 
ary strata as that which Sir William Logan had recognized and Mr. Bil> 
lings so clearly demonstrated early in the sixties. 

The removal of the so-called Hudson River black graptolitic shales, etc., 
such as are met at Quebec City, on the island of Orleans, along the 
Marsouin river, and other places in the Province of Quebec, and at Nor- 
mans Kiln in New York state, in Penobscot Co., Maine, etc., from the 
upper-most position in the Ordovician system i.e.,immediately above the 
Utica formation, or Just below the base of the Silurian (Upper Silurian) 
system was absolutely necessary in the light of facts, whether palsson- 
tological, stratigraphical or of other physical reasons. 

The characteristics of this series of rocks when studied in the field as 
well as in closer detail, point clearly to its intimate relation and asso- 
ciation with the L^vis formation of Sir William Logan's Quebec group. 
The L^vis formation and the Quebec formation along with the Sillery^ 
form a group of three formations which are capable of being subdivided 
in many instances into smaller zones and subdivisions, but all of which 
were deposited under similar conditions at a period forming the lower 
half of the Cambro-Silurian or Ordovician period in geology. It will 
thus appear that the rocks constituting the Quebec formation (which 
term has been used to designate the hitherto so-called Hudson River 
graptolitic shales, having been adopted by Prof. Walcott and other 
American geologist,) form part and parcel of the Quebec group of Sir 
William Logan and fall naturally as a division of that group. 

The intimate relations stratigraphical, paleeontological and physical 
which exist between these three terranes are very evident, and the paper 
goes on to deal with the faunas entombed in each. Extreme care haa 
been taken to base all deduction, whether palseon tological or otherwise, 
on facts, and whether the species of fossils found and noted occur in HtiL 
or not, in loose bowlders scattered in the fields, or whether they occur in 
pebbles or in the paste of conglomerates and conglomerate-like bands, 
also where they occur, and the precise locality. and place in the series 
have been ascertained, so as to leave out possibilities of error as much aa 
possible in a problem, which, like the present one,affords such diversity of 
relations and complexity of structure. 

This paper is in fact a sequel to the author's paper read before the 
Geological Society of America at Washington last December, and pub- 
lished amongst the Bulletins of that Society last April. (See Bull. Geol. 
Soc. Am., Vol. 2, p. 4, TF— 502, Plate 20.) It will contain a synoptical 
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list of the faunas entombed In the strata constituting the Quebec group 
in the Province of Quebec, and reference, etc., points of contact between 
these and similar series in the Newfoundland section. 

On the Lower Cambrian Age of tfie Stockbridge UmesWne, By J. E. 
Wolff. Bulletin, G. S. A., vol. li, pp. 331-338, with two figures; March 
18, 1891. A detailed description of the structure of the Green mountains 
and western parallel valleys and ridges in Rutland, Vt., is here given 
with a map and a section. The rocks dip steeply eastward and comprise, 
in order from east to west, (1) the Green mountain gneissic schists, with 
beds of conglomerate ; (2) quartzite, proved by Walcott's discoveries to 
belong to the Olenellus zone of the Lower Cambrian ; (3) the limestone 
of the Rutland valley, in which Dr. A. F. Foerste and Dr. Wolff last 
year found fossils at numerous localities, including a Salterella closely 
resembling or identical with S. curvatus of the Olenellus Cambrian of 
North AttIeboro,Mass.; (4) quartzite, conglomerate, gneiss, and schists, 
forming Pine hill ; (5) the limestone of the Center Rutland valley, in 
which Dr. Foerste has detected fossils of Lower Silurian age, like those 
found by Rev. A. Wing in the West Rutland limestone; (6) a belt of 
schists ; (7) the limestone of the West Rutland valley ; and (8) the 
schists of the Taconic range. The stratigraphy includes overturned 
folds and probably a thrust plain along which the Cambrian is pushed 
westward to overlie the Lower Silurian limestone. 

This paper has an important bearing on the vexed Taconic question, 
since in verifying the stratigraphy of the lower part of the Taconic as 
made out by Dr. Emmons, conforming in that respect with results pub- 
lished In the last number of the Geolooist by Mr. Dale, it shows the 
partial Incorrectness of the stratlgraphic scheme lately published by 
Mr. Walcott. and earlier by Prof. Dana. 

The Cacology of Mount Diablo, dUifornia, By H. W. Tubneb. With a 
supplement on The Chemistry of the Mount Diablo rocka, by W. H. Msl- 
TiLLK. Bulletin, G. S. A., vol. ii, pp. 383-414, with a map and three fig- 
ures; March 30, 1891. Mount Diablo, an Isolated peak of the Coast ranges, 
lying 37 miles east of San Francisco and rising nearly 4,000 feet from 
the sea level, was selected by Whitney, In the Geological Survey of Cal- 
ifornia, for detailed examination, which resulted in the discovery that 
the greater part of the metamorphic rocks of these ranges are of Creta- 
ceous age. More recently Mr. G. F. Becker, of the U. S. Geological 
Survey, has shown that only the Necocomian or basal strata of the Cre- 
taceous series* have been highly slliclfied, serpentinlzed, and otherwise 
altered ; and the continuation of this Investigation by further field work 
And chemical analyses is described in the present paper. The metamor- 
phism probably took place at the time of the first folding and uplift of 
the Sierra Nevada, which Becker refers to the close of the Gault epoch. 
After this date four terranes, namely, the Chico, Tejon, Miocene, and 
Pliocene, were deposited In succession and conformably with each other 
upon the Mount Diablo area; and the main upheaval of this mountain 
occurred, according to Mr. Turner, at the close of the Pliocene. The 
uplift of the central metamorphic mass was so energetic that part of the 
strata to the south were thrown Into an overturned fold, and in one 
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locality there is an overthrust fault, with horizontal displacement of 
about one mile. As to the nature of the disturbances which in late 
Tertiary time and at its end formed the system of the Coast ranges, this 
author believes, with Whitney, that they were *' sudden and sharp, so 
that the result may be called a crushing and breaking rather than an 
uplifting and folding." 

Two belts of fo8silifcrons black ahaU in the Triassic formation of C(mr 
necticiit. By W. M. Davis and S. Ward Loper. Bulletin, G. S, A. vol. 
ii, pp, 415-430, with three figures; April 9, 1891. Professor Davis dur- 
ing tne past nine years has given much study to the Triassic area of the 
Connecticut valley, and the first part of this memoir gives a summary of 
his conclusions, as published more fully in earlier papers, concerning 
the structure of the Triassic formation, with its several trap sheets, in 
the vicinity of Meriden. Three principal overflows of lava, named by 
Percival the anterior, main, and posterior trap sheets, are interbedded 
with the upper half of the conglomerates, sandstones and shales ; and 
besides at least one great intrusive sheet is found, its position being be-^ 
low the overflow and near the base of the formation ( Ah. Geologist, 
vol. iv, p. 112). The epoch of deposition was terminated by an upheaval^ 
in which the whole series of aqueous and igneous beds were tilted and 
faulted, being divided into long narrow blocks, from an eighth of a mile 
to a mile or more in width, with dislocations of upthrow on the south- 
east side of the fractures, varying from a few tens of feet up well to- 
ward 2,000 feet. Denudation ensued during the Jurassic and Cretaceous 
periods, reducing this broken country to a surface of moderate relief and 
low altitude ; but about the beginning of the Tertiary era it was again 
elevated, and the present hills formed by the outcropping edges of the 
trap sheets are partial measures of the extent of erosion since that time. 
These interpretations of the structure and history of the area have 
enabled the authors to discover a considerable number of new localities 
of the two fossiliferous horizons of black shales which were before known 
in Durham and Westfield. The extreme points at which the Durham or 
lower bed has been thus identified are about fifteen miles apart, with 
ten well proved faults between them ; while fossiliferous outcrops prob-> 
ably belonging to the Westfield or upper bed are found in places sep- 
arated by fifty miles and by twelve or more faults. 

The greater part of the search for fossils has been done by Mr. Loper, 
who describes his methods of work and the localities which have been 
successfully explored. His provisional list of species comprises eleven 
fishes and ten plants, with others undetermined ; and the search has 
yielded about 450 specimens of fossils, in addition to the many hundred 
which had been previously collected in Durham. Five species of fish 
and five of plants are common to both the lower and upper fossiliferous 
belts,which are here ca'led respectively anterior and the posterior black 
shale, from the nearly associated trap sheets. 

Paiitoblblion. An "International bibliographical review of the world's 
sclcMitific literature." 

This Is a very comprehensive and ambitions new Journal, at least in 
the scope which it proposers to cover. It is edited by A. Kersha, C. E.» 
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and it is published at St. Petersburg, Russia. If it can be carried out 
on tlic plan of the first No. which was recently issued, there is no doubt 
that it will be a valuable publication for librarians, scientists of all 
kinds, and all students who desire to keep acquainted with the work of 
their fellows in other countries. But it will require a great outlay of 
money, and a large corps of sub-editors to abstract the proper condensed 
notes from the various publications of the world, and it will have to 
have free access to all scientific publications. This will require the es- 
tablishment, at once, of a library of large dimensions. The first number 
contains about 1,200 titles of new publications, 80 critical articles or re- 
views of leading books, and an index of contents of 270 periodicals, and 
embraces scientific literature of all countries of the civilized world, in 
all the principal languages. New York, D. Appleton & Co. 

Geology of Ihe environs of Quebec, wUh map and sections. Jules 
Makcou. (From the Proc. Boston Soc. Nat. Hist., Vol. xxrv, pp. 202, 
227.) 

This is a clear and concise statement of the geological features of the 
vicinity of Quebec. It treats especially of the falls of Montmorency, 
Charlebourg, Indian Lorette, Quebec City, Point Levis and La Chaudi^re's 
fall. With the exception of a narrow belt of Champlain rocks which is 
represented running east and west from the vicinity of Montmorency 
falls to and west from Indian Lorette, all the concerned region is in- 
cluded in the Taconic (upper and middle). The structure of the rocks 
at the Redoute, at Point Levis, and of the hill at Quebec are represented 
to be similar, in that there is an tinder dip of the strata, at both points, 
on each side of the hill, the intervening strata, forming the elevated 
part of the hills, being supposed to wedge oat downward, owing to the 
sharp folding and the close pressure. The fossils lately found by Mr. 
Ami and others indicating a more recent age for these strata are be- 
lieved by Mr. Marcou to be not indicative of their age, being some of 
. them entirely new species, and when not new, entirely explainable on 
the theory of Barrande ** des colonies,'^ and strictly of Taconic age. 
The quartzyte at Montmorency falls he considers of unknown age, 
though titere is no valid reason against considering it of the age of the 
Granular quartz, of Vermont. Until it can be shown that between the 
time of the Trenton, which lies horizontal on the quartzyte at Mont- 
morency falls, and the Taconic which is everywhere subject to great 
upheaval and to the interstratification of igneous rock and to the uncon- 
formable overlie of the Trenton, there was an epoch of rock-making 
like these Quebec rocks, and that later, and before the advent of 
the Trenton, these strata were upturned to vertical ity, the general 
geognosy of the region certainly seems to agree with the views of Mr. 
Marcou. The rocks that may be said to Intervene between the Trenton 
and the Taconic in the region are theChazy, Calciferousand the St. Croix, 
but these, wherever they have been identified, are nearly horizontal and 
Indicate nothing of contemporary volcanoes and later upheaval and 
crumpling, and within so small an are^ they could hardly be expected to 
vary so much. The researches of Mr. Ells, under the Geological Survey 
of Canada, point to the conclusion that these rocks are divisible between 
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the Cambrian and the Taconic, i. e. between the second and the first 
faunas. The Levis strata and the City of Quebec rocks he places to- 
gether under the term Levis (for which, however, Mr. Ami prefers to 
retain the name Quebec;, and the Sillery strata, underlying the Levis, 
he would locally designate by the term Sillery. This Sillery consists of 
two parts, a series of shales and sandstones and a series of quartzytes 
and limestones, the latter unconformable below the former. This un- 
conformity within the Sillery, which is the Taconic of Emmons, cor- 
responds with a great break which has elsewhere been discovered in tho 
Taconic, and apparently marks the date of outbreak of the eruptive 
fades of that period. The red shales of the upper Sillery are analogous 
to the red shales and sandstones of the Georgia of Vermont, and of the 
upper part of the Nlpigon series of the Northwest, and the underly- 
ing limestone and quartzyte seem to be on the stratigraphic level of 
the Winooski marble and Granular quartz of Vermont, and of the Pewa- 
bic quartzyte and **cherty limestone" of the Mesabi range In Minne- 
sota. This would make the Sillery the representative of the upper iron- 
bearing formation of the Northwest, and of the Taconic district of 
western New England. The intensity of this outbreak, and its wide 
extent, are shown in the fact that it accompanies this horizon all along 
the Appalachian chain, through New Jersey, Into the Courtland region 
of New York, the Adirondacks, and thence through the Canadas to the> 
regions of the Great Lakes. 

An Expedition to ML St. Elius^ Alaskfi. Israel C. Russell. (Nat. 
Geog. Mag. Vol. Ill, pp. 53, 204, May 29, 1891.) Eighteen plates, $1.50, 
Washington. 

This very interesting and valuable number of the National Geographic 
Magazine, which is wholly taken up with this report, contains a very 
full description of the experiences, and the results, of the expedition of 
1890, under the auspices of the National Geographic Society, led by Mr. 
Russell. The usefulness of modern photography to geology and geog- 
raphy is beautifully illustrated In the numerous handsome plates which 
are given. The volume Is a very valuable addition to the literature con- 
cerning Alaska, and adds very much to all former reports on ihe topog- 
raphy, geology, and especially on the glacial geology of that territory. 

Oeologlcal Siu'vey of New Jersey. Amiiuil Report for 1890. John C. 
Smock, state geologist, Trenton. 1891. pp. 305, three maps. 

This valuable report embraces a summary report by Prof. Smock, a 
brief report by E. A. Bowser on the condition of the Coast and (Jeodetlc 
Survey In the state, a report on the geology and other features of the 
Iron mines by Frank L. Nason, including a chapter on the post-Archean 
age of the white limestones of Sussex Co., and an elaborate report by 
C. C. Vermeule on the water-supply and water-power of the state. Al- 
together the document indicates a state of healthy activity for tho 
survey. 

We have noticed the high scientific value of the report of Mr. Nason 
who has brought out some very Important facts respecting the white 
limestones and Iron ores of Sussex county. Already this had been fore- 
shadowed by the article of Mr. Nason in the April No. of the Amebicak 
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Geologist (Vol. VII, p. 241), on the Post-Archean age of the white lime- 
sUmes of Susaaex couyity. It is true that the views of Dr. E. Emmons 
since 1846, and of all his school, have made the Taconic strata pass 
through that part of New Jersey, for it is well known that the geology 
of northern New Jersey is but a continuation of that of southeastern 
N^w York, but the views of Prof. Dana as to the Archean age of these 
gneisses, and of the accompanying limestones, based as they were on 
the supposed infallibility of chondrodite as a sign of that age, have pre- 
vailed very largely, and these ores have therefore been classed as Ar- 
chean. The discovery of Olenellus in the quartzyte underlying the 
limestone effectually removes them from the Archean, and as fatally 
overthrows the dictum that chondroditic limestones are certainly Ar- 
chean, since large quantities of that marked mineral are found in them 
here. It even points to the reverse, and shows that if chondrodite has 
any value as an indicator of the age of a limestone, it marks the lime- 
stone containing it as Taconic. Another important point established is 
the primordial (Taconic) age of the iron ores, and their close association 
with that limestone, which, coming from the so-called Archean region 
in southeastern New York, was carefully traced by Prof. Dana through 
western (Connecticut, northward to Stockbridge, Mass., and to Rutland, 
Vt., where recently it has been proved to be of the same age by a similar 
discovery of Taconic fossils by Wolfif and Foerste. This bears strongly 
against the idea that any part of the iron-bearing beds of the region 
traversed by this limestone are of the age of the Hudson River. 

The fossils that have brought about this result, and the chondrodite 
which have been found in the limestones, have both been determined by 
associates of Prof. Dana, at New Haven, the former by Dr. C. E. Beecher, 
and the latter by Prof. S. L. Penfield. These results are no surprise to 
geologists who have watched the course of geological research with 
its tendency, relating to the Taconic, during the last six or eight years. 

There are, however, two important points in Mr. Nason's report, in- 
cluded apparently in his ** conclusions," to which we can not yet sub- 
scribe fully. First, it does not seem suflSciently proved that the blue lime- 
stone is the same in age as the white. It shows some singular contrasts 
and divergences. If both can be found to be fossiliferous that would 
settle it. Second, it is not sufficiently shown that there is no gneiss (as 
distinguished from granite) and that all the acidic crystalline rock con- 
cerned is eruptive. There is avast amount of testimony that the lime- 
stone is interbedded and conformable with gneiss. It is hard to con- 
ceive how a limestone can be placed there, a fossiliferous limestone, and 
a quartzyte, without some other fragmental rocks to accompany them. 
If the limestone and the quartzyte are metamorphosed, what is the 
probable condition of those other fragmentals? Further north this 
limestone is said to be accompanied by conformable gneiss and mica 
schists. 

The Texas Permian and its Mesozoic Types and Fossils, (Bulletin of 
the U. S. Geological Survey No. 77, as stated on p. 8.) 

In this bulletin is pre^^ented a summary of the various kinds of evi- 
dence indicating the Permian age of a certain series of the strata in 



122 The American Geologist. August. i89i 

western [i. e. northern central] Texas, which have been by some geolo> 
gists referred to the Trias, and by others to the Permian. 

It also contains an announcement of the discovery in those strata of 
certain types of invertebrate fossils which usually are regarded as in- 
dicative of their Mesozoic age, commingled with a considerable number 
of Carboniferous types. This discovery is the first of the kind that ha& 
been published concerning North American strata, but it is similar in 
character to those made by Waagen in India, Gemmellaro in Sicily, and 
Karpinslcy in Russia. A large proportion of the forms are well known 
Ck>al-Measure species. All these species are illustrated on accompanying 
plates, and some of them are described as new. 

The paleontological balance which is indicated by this commingling 
of earlier and later types in the Texan strata is treated as an item of 
evidence in favor of the Permian age. 

The closing portion of the bulletin is devoted to a general discussion 
of the subject of the existence of the Permian in North America. 

Paleontological ly this is a most important contribution to knowledge of 
North American geology and will be of inestimable value to the future 
student. The historical and stratigraphic discussions together with the 
generalizations in the concluding chapter do not, however, coincide with 
numerous observations of more extensive workers in the field. While 
Hitchcock's and McGee maps — which have never claimed to be any> 
thing but compilations — may have represented the area of the Red Bed 
formation in which the fossils occur as Triassic, numerous geologists of 
ability, Marcou, Newberry, Ball, and others, have always spoken of the 
lower division In which they occur as of probable Permian age. E^f. 
Ball, to whom credit is due for the scientific announcement and deter- 
mination of the particular localities discussed, first called attention to 
its vertebrates, invertebrates and plants. (See American Naturalist^ 
June, 1879, Sept. 1880). This naturalist, whom Dr. White seemed to 
have overlooked, died In the field while exploring the region and pub- 
lished only brief mentions which attracted Prof. Cope's attention to this 
unique field. The plants, which promise to be of as great interest as 
the vertebrates and invertebrates, although announced twenty years 
ago, have not yet attracted the attention of our paleo botanists. 

The especial interest of this paper is the fact that it determines 
paleontologically that of the great American terrane, known as the 
Red Beds, only the basal portion are of Premian age. These Red Beds, 
although occupying an area in Oklahoma, Kansas, Texas, New Mex- 
ico, Indian Territory, Utah and Arizona, equivalent to at least & 
twentieth of the area of the United States, have never been systemati- 
cally studied or published. Numerous writers, Newberry, Marcou, 
Powell, Shumard, Cragin, Hay and others, have contributed local data, 
but no one has studied the terrane as a whole. Newberry, Marcou, 
Walcott, Hill have pointed out the different aspects of the upper and 
lower beds and expressed opinions as to their diverse ages. Dr. G. O. 
Shumard, who studied the uppermost Red Beds, argues from their paleon- 
tologic ovld«Mire that they are Crptacf»ous,* exactly as Dr. White argues 

•See ji Partial RtM>'>rt of ilie Geology uf Western Texas, by Prof. G. G. Siiiuiiard, 
Austin, 1880. 
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from fossils collected at their base that they are Permian. Hill has 
shown in his Arkansas report the occurrence of typical Red Bed colors 
and gypnm and that the upper limits are of Trinity age. (Uppermost 
Jurassic or basal Cretaceous). The fact is that the great Red Beds forma- 
tion began in late Carboniferous times, continued during Permian, Trias- 
sic and Jurassic into the lower Cretaceous and should be discussed as a 
X structural unit and not a time unit ; the student who will thus treat it 
has a grand field in American geology. 

This Red Beds PremUin must not be structurally confused with the 
Permo Carboniferous limestones of Kansas and with the white Permian 
limestones of the Guadalupe mountains as defined by the brothers 
Shumard. It is a later and overlying terrane, especially distinguished 
by complete absence of limestones except one stratum at its very base. 

Page 14 gives a section of the strata from eastern Navarro to Swisher 
county, Texas, including the Cretaceous, Carboniferous and Permian. 
The beds of the Upper Cretaceous Series are treated as distinct forma- 
tions, to-wit ; (1) the Timber Creek formation, (2) the Eagle Ford for- 
mation, (3) the Austin formation, (4) the Ripley formation. The re- 
viewer can not agree with this new and inadequate nomenclature in 
place of the one so well established and in local use in the region, nor 
can it fill the stratigraphic requirements. These beds are not formations 
but merely beds on one great formation, and the term Ripley and Tim- 
ber Creek have no meaning in the Texas Region; Cope showed in the 
American Naturalist, 1887, that the latter name when first applied by 
Hill to the Lower Cross Timber beds had previovsly been applied to a 
terrane in New Jersey, while Hill has shown that the term '* Ripley 
group " of Hilgard applied to only one horizon in the Glauconitic or 
Upper division of the Upper Cretaceous series of Texas. Neither does 
the section include the great division known as the Pouderosa marls ly- 
ing along the Austin chalk or the Upper or white cliffs chalk so well 
marked in northeast Texas and Arkansas. 
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Abba and Duration op Lake Agassiz. Your July number contains 
a valuable article by J. B. Tyrrell, in which he criticizes the estimate of 
the area of lake Agassiz, about 110,000 square miles, or more than the 
conbined areas of the great Laurentian lakes, as given in my recent re- 
port published by the Canadian Geological Survey. In reply I wish to 
explain that I have not attributed so great extent to lake Agassiz at any 
one stage of its existence, and to notice briefly how the beaches and 
terminal moraines indicate that this lake diiring both its earlier and 
iater stages covered the greater part, probably three-fourths, of this area. 

The chief argument for this is the observed extent of the higher and 
earlier Herman and Norcross beaches, which have been mapped from 
near Red lake, Minnesota, southward to lake Traverse and thence north- 
ward through North Dakota to Riding and Duck mountains in Man- 
itoba, a distance of about 700 miles (Am. Geologist, vol. vii, pp. 194, 
232). Delta sand deposits, brought into lake Agassiz by the Saskatche- 
wan and referable to the Norcross and lower stages, reach from near 
Prince Albert, on the North Saskatchewan about forty miles west of the 
forks of the North and South branches, through a distance of more than 
a hundred miles eastward to the head of the Seepanock channel and the 
103d meridian (Canadian Pacific Railway Report, 1880, pp. 14, 19). The 
descent of the river in this distance is approximately from 1,250 or 1,300 
to 950 feet ; and the elevation of the west part of the delta is probably 
about 1,350 feet above the sea. As early as the time of the Norcross 
beaches, therefore, the recession of the ice-sheet had permitted the lake 
to extend along the whole front of the Manitoba escarpment, to the lat- 
itude of the north end of lake Winnipeg. The length of the Agassiz at 
that time was 550 miles or more, and I believe that its average width 
was not less than 150 miles, reaching east to the moraine which Mr. 
Tyrrell describes as forming the eastern shores and islands of lake Win- 
nipeg, with a hight of 100 feet on Black island. This moraine would 
then have been deposited In water 600 to 700 feet deep, bordering the 
Ice-margin ; its knolly and irregular accumulations of drift would not 
have been subjected to the levelling action of the lake waves until the 
farther melting of the ice opened avenues of outflow to the Hudson bay 
and reduced the glacial lake nearly to the level of lake Winnipeg ; and 
the latest change of the northward outlets may have lowered the water 
surface so rapidly and to such vertical amount that it left no distinct 
marks of erosion or shore lines on the upper portion of the moraine. 
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Before the successive northward outlets began to drain lake Agassiz 
below its channel of southward discharge at lakes Traverse and Big 
Stone, the border of the ice-sheet had been gradually melted back from 
lake Winnipeg to Hudson bay, and its thick central part which occupied 
the basin of Hudson and James bays had so far disappeared as to admit 
the sea there. At a time of halt or refidvance, interrupting this re- 
cession, another terminal moraine appears to have been accumulated, 
crossing the Churchill and Nelson rivers, as observed by Dr. Bell (Bul- 
letin, G. S. A., vol. i, pp. 303, 306). If this belonged to the time of the 
Campbell or McCauley ville beaches, as seems most probable, the extent of 
the lake during these later stages of southward outflow was even greater 
than I have supposed it to be at the time of the Herman and Norcross 
beaches, and the area occupied by lake Agassiz in its numerous stages 
much exceeded that of my map and estimate. 

Though lake Agassiz attained vast areal extent, its duration or ex- 
tent in time was short, as is shown by the small volume of its beach de- 
posits and lacustrine sediments in comparison with lakes Bonneville and 
Lahontan and with the amount of post-glacial erosion and deposition on 
the shores of the great lakes tributary to the St. Lawrence and Nelson 
rivers. The geologic suddenness of the final melting of the ice-sheet, 
proved by the brevity of existence of its attendant glacial lakes, presents 
scarcely less difficulty for explanation of its causes and climatic con- 
ditions, than the earlier changes from mild or warm preglacial and in- 
glacial conditions to prolonged cold and ice-accumulation. 

Somerville^ Mass.^ July 7, 1891, Warben Upham. 

To THE Members and Friends of the Corbbspondino Geological 
Chapter of the Aooasiz Association : This brief report, covering the 
first year of the existence of the C. G. C. A. A. is published for the benefit 
of its members, and also for the information of others who are interested 
in geological pursuits and to whom the workings of the Chapter are un- 
known. 

The Chapter was organized in February, 1890, with a charter member- 
ship of sixteen. The constitution is modelled after that of the Gray 
Memorial Botanical Chapter of the A. A. It is our primary aim to or- 
ganize lovers of natural science throughout the land who are actively 
Interested in geology or its kindred branches, and to establish a stated 
means of communication whereby each may know what all the others 
are doing. By this means the student or amateur geologist of New 
England comes into correspondence with the workers in the South and 
West, and acquires a more accurate knowledge of these remote regions 
than would otherwise be possible. All the machinery of the organiza- 
tion is subservient to this central idea, — the mutual encouragement and 
help of workers in different sections of the country. Each member is 
expected to contribute a report every three months *• giving the result 
of his studies and personal researches in geology, mineralogy, or pale- 
ontology during the previous quarter." These reports are then circu- 
lated throughout the Chapter, affording each member the opportunity 
to read, comment, and criticise. The experience of a year is abundant 
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evidence that this plan is a most successful means of developing talent 
and enthusiasm in geological work. 

During the year our numbers have increased from sixteen active mem- 
bers to thirty-two active and three honorary members. We have eleven 
active members in New York state, seven ifa Massachusetts, two in Con- 
necticut, two in Illinois, and one each in Rhode Island, Pennsylvania, 
New Jersey, Maryland, Georgia, Ohio, Iowa, Minnesota, California, and 
Nova Scotia. 

The reports are uniformly excellent, giving evidence usually of a 
strong interest in geological work, and often exhibiting much labor and 
skill on the part of the writer. Over half of the reports are illustrated 
with drawings or photographs, which always add greatly to the value of 
scientific papers. The range of subjects presented is very wide, as would 
naturally be expected from the variety of regions represented in the 
Chapter. There is no space here to enumerate even a few of the titles 
of reports, but we may say, without any risk of exaggeration, that the 
fruit of our yearns work contains material which is valuable not only to 
the amateur but to the professional geologist as well. Within the year 
eighty-three reports were received as foilows : nineteen in May, twenty- 
two in August, twenty-one in November, and twenty-one in February, 
1891. It will be seen that the increase in number of reports has not 
kept pace with the increasing membership of the Chapter. 

Our plan of work cannot fail to recommend itself to those who are 
practicing the truly scientific method of geological study ; and it is to 
such students that we extend a hearty invitation to join us. A few more 
members of the right sort would greatly enhance the efficiency of the 
Chapter. 

Our past experience has suggested a few improvements in our tnodus 
operandi which are being vigorously discussed among the members. 
This is not the proper place for a presentation of such matters ; the 
active interest shown by all in the Improvement of the Chapter is a good 
omen and guaranty of greater success in the year to come than in the 
year Just past. The following are the officers for 1891 : 

President, Fbedebick A. Vogt, 844 Genessee St., Buffalo, N. Y. 

General Secretary, Geoboe F. Perby, Melrose, Mass. 

Treasvnrer, Miss Isabella S. Deane, 45 Park St„ Buffalo, N. Y. 

Executive Council, Amadeus W. Gbabau, Soc. Nat. Hist. Boston, 
Massachusetts. 

Executive Cotmcil, Frakkuk W. Babbows, High School, Buffalo, N. Y. 

Ail who desire to Join the Chapter will please apply to the General 
Secretary. Very truly, 

Buffalo, N, Y., May 20, 1891. Franklin W. Babbows, 

Retiring President. 

Obange Sand, Laobanob and Appomattox. — ^The study lately be- 
stowed upon the formations of the southwestern states in connection 
with those of the North, and especially those of the Atlantic slope by 
McGee, seems to render a revision and re-definition of the above names 
desirable. The first two, Orange sand and Lagrange, were first applied 
in 1856, by Safford, to a series of beds in west Tennessee that bear a very 
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close rcsemblence in general aspect ; and in the mere reconnoissance 
then made by Safford of the region, were by him presumed to be of 
identical age. In a subsequent report (1869) Safford recognized the fact 
that a portion of the beds included by him in the above designation be- 
longed to the Cretaceous; and he accordingly defines the *' Orange Sand 
or Lagrange group " as being of Tertiary (probably Eocene) age. 

Meanwhile I had, in 1856, examined the portion of Mississippi adja- 
cent to the Tennessee line, and in subsequent years up to 1860 the 
remainder of the state. I had found what I presumed to be Safford's 
Orange sand more widely developed in Mississippi then even In Ten- 
nessee, and found it overlying the latest recognized Tertiary beds — the 
Grand Gulf rocks. Accordingly I adopted Safford's name in my Missis- 
sippi report of 1860, in which the features of the formation are de- 
scribed in considerable detail; and for reasons there given the *' Orange 
sand" is assigned to the early Quaternary. 

The intervention of the war prevented any early conference between 
Safford and myself en the subject; and it was only in 1869 that I learned 
that Safford assigned his '* Orange sand " and *^ Lagrange,** as a unit, 
to the Eocene age. 

During our subsequent correspondence it was developed that llgnitif- 
erous beds of unquestionably Eocene age, exposed not far from La- 
grange, Tonn., were included by Safford within his group. I therefore 
suggested to him that the latter name should be retained for the yellow 
and gray lignitiferous sands of the Eocene that immediately overlie the 
** Flat woods" or ** Porter's Creek" beds, which themselves overlie di- 
rectly, and almost conformably, the uppermost Cretaceous. The name 
of "Orange sand," on the other hand, it was agreed should designate 
the higher series, to which it is peculiarly appropriate. To this agree- 
ment we have since adhered, and have therein been followed by other 
western geologists. 

As stated in my Mississippi report of 1860, I had concluded from the 
descriptions of Tuomey and others, that the Orange sand extended with 
more or less similarity of character at least to South Carolina, and prob- 
ably along the Atlantic coast plain as far north as Washington. 

The excellent work carried out for some years past by McGee, along 
the coastal plain of the Atlantic slope, while restricting somewhat the 
supposed northward extension of the formation, has shed much new 
light upon its general relations and regional modifications; and while 
the identity of the whole is unquestionable and hence the prior designa- 
tion (Orange sand) sliould stand in place of the name Appomattox applied 
by McGee to the Atlantic portion of the formation, yet the deviation of 
the former name from the accepted rule of forming such names from 
type localities, as well as a certain degree of confusion that has oc- 
curred in its actual use, seems to render a change advisable. 

At a late conference on the whole subject, participated in by Messrs. 
McGee, Joseph De Conte, Lough ridge and myself, it was suggested that 
in view of the various objections to all the later names, that of " Lafay- 
ette, ".which the formation had borne for several years in my early field 
notes (from the type localities in Lafayette county. Miss., where I first 
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discriminated It from the Eocene sands), might appropriately be adopted, 
with the assent of Safford, as one of the parties to the former agree- 
ment. This having been secured, it would seem advisable that ail unite 
upon the use, hereafter, of ** Lafayette" as the equivalent of the 
Ormvijie 9m\A (as understood by Safford and myself) of the southwest, 
and of the Appomattox as dciincd by McGee for the Atlantic and south- 
eastern states. Whatever differences of opinion may exist in regard to 
the genesis of the formation, or the assignment of particular local 
phases, will be more readily discussed and reconciled when a single 
name only is employed by all. E. W. Hilgabd. 

Berkeley, Cal.y June 15, 1891. 

The above paper was sent to me previous to publication for examina- 
tion, and, if acceptable, for my approval. Prof. Hilgard has given the 
correct history of the names ** Orange sand " and ** Lagrange," and, in 
the prospect of liarmouizing views all around, thereby facilitating 
the study of the beds concerned, I heartily concur in the conclusion 
reached by him in conference with the gentlemen mentioned above. It 
is pleasant to know that, in important points, a satisfactory under- 
standing now exists. J as. M. Saffobd. 

Nashville, Tenn., June 22, 1891, 

Rev of Lit 



PERSONAL AND SCIENTIFIC NEWS. 



Mr. Frank L. Nason, Late Assistant Geologist of the New 
Jersey Geological Stirve}-, has l)een appointed to the position of 
assistant geologist on the Geological Survc}'- of Missouri, and will 
be in charge of the examination of the iron ores of the state. 
Other assignments for the summer work of the latter survey are 
as follows: Prof. Erasmus Ha worth has resumed work on the 
crystivlline rocks and will also collect material for the preparation 
of a report on the mineralogy and petrography of the state. 
Prof. C. H. Gordon has similarly resumed work in the coal fields, 
and most of his time will be given to the detailed study and map- 
ping of the coal beds of Macon count}'. Prof. J. E. Todd, of 
Tabor, la. , has been engaged to take up the study of the quarter- 
nary deposits of the state and to prepare a report thereon. 

Prof. Mark W. ITarrnioton, professor of astronomy and di- 
rector of the Detroit observatory at Ann Arbor, Mich. , was ap- 
pointed by the secretary of agriculture to have charge of the 
'^Weather Bureau" at Washington, lately transferred from the 
War Department to the Agricultural Department, and assumed 
charge July 1st. 

The OdDEN Sc^ientific School is to be a department of Chi- 
cago Universit3^ It is based on a gift by Wm. B. Ogden, first 
mayor of Chicago, lately decided by the executors of the Ogden 
estate. The conditions attached by the executors to the gift — 
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which will amount to from three hundred thousand to half a mil- 
lion dollars — are^ that the school shall be a separate department 
of the university, and bear the name of the Ogden Scientific 
School, its purpose being to furnish graduate students with the 
best facilities possible for scientific investigation by courses of 
lectures and laboratory practice. The income of the money ap- 
propriated is to be devoted to and used for the payment of salaries 
and fellowships, and the maintenance of laboratories in physics, 
chemistry, biology, geology and astronomy, with the subdivisions 
of these departments. A large share of the time of the professors 
in the school is to be given to original investigation, and encour- 
agement of various kinds is to be furnished them to publish the 
results of their investigations, a portion of the funds being set 
apart for the purpose of such publication. Some portion of the 
income is to be set apart for the purchase of books to be placed in 
the special departmental and laboratory libraries of the proposed 
school. 

Prof. P. Martin Duncan, a well known English geologist, es- 
pecially in the study of corals, died in May last. As was the case 
with many others who have become eminent in geology, he began 
life as a physician, practicing medicine for many years. His first 
venture in science was in Botany ; ( Observations on the Pollen- 
tube, 1856). It was no part of his plan to seclude himself from 
the active duties of life while engaged in the study of science. He 
was at the same time mayor of Colchester and curator of the local 
museum in that town which still shows the evidence of a manage- 
ment far ahead of the time when it was arranged. 

Later on Dr. Duncan removed to London, became professor of 
Geology at King's College and Cooper's Hill, (the East India Col- 
lie,) secretary and vice-president of the Geological Society, and in 
1879 president of the geological section of the British Association. 
In 1881 he received the highest honor in the gift of the Geological 
Society, the Wollaston Medal, and at diflferent times served on the 
Council of the Royal Society and presided over the meetings of 
the Microscopical Society. 

Prof. Duncan's chief papers are his «*Fossil Corals," the <<Phys- 
ical Geography of Europe during the Mesozoic and Csenozoic 
eras elucidated b}' their Coral Faunas," his ** Revision of the 
Madreporaria " and of the *< Great Groups of the Echinoidea," 
with some later ones on <* Protozoa and Sponges." 



NOTICE. 



Thb "obolooical 8WINDLKB" AOATN ABBOAD. Readers of the 
GaoLoeiBT will recall several rererances in the osrly numbers. Vol. I 
( 1888 ), to AD adept thief who had for several years practiced apon the 
geologists aod other scientists of America with a good degree of suc- 
ceits. This fellow was apprehended and served six months' Imprison- 
ment in the Elkhorn Jail, In Wisconsin, bat on release resumed his 
nefarious trlcba. In January, 18SS, he stole some microscopic objectives 
from the University of Cincinnati, and under the Instigation of Prof. 
Cbas. H. Qilbert, the police of the city were put upon his trail. After 
a pursuit of some weeks, tracing him In Indiana, Kentucky, and Ten- 



nessee, he was apprehended at Nashville, and on trflil was convicted and 
sentenced for five years for grand larceny, lo the State penitentiary at 
Columbus, O. He pleaded guilty and admitted that he was the "swin- 
dling geologist" ot numerous atlases. 

In confinement he made a good record for himself and was put In 
charge of the night-schoot. He would have been released, on account 
of good behavior, at the expiration of three years and nine months 
under the rules of the Ohio penitentiary. In the fall of 1891, but under 
special protestations of reform he was given a degree of freedom at 
Columbus, which allowed of his release flnatiy "on parole" for the re- 
mainder of the term that he had to serve. He remained for a time 



qaletly at Columbus, as reporter for the Columbus Sunday World. 
Suddenly he appeared at Saginaw, Michigan, in violation of his parole, 
where he attached himself to the High school principal and addressed 
the pupils of the High school, claiming to have been a professor in 
Vassar College, Poughkeepsie, N. Y., and then connected with Smith 
College, but preferring his present occupation of dealing In fossils, as 
more remunerative. He sold the High school ten dollars worth of 
fossils. He said he was a Russian, descended from an eminent Russian 
geologist, and acquainted with the most distinguished geologists of our 
country — (his usual story, the latter part, alas, too true! ), also that he 
is the brother of the celebrated nihilist martyr Vera Sussulich, that he 
had fought in the Franco-Prusslan war, and had been made a captain, 
ate, etc. Thence he went to Lansing, Mich., and the speeches he made 
there were reported in the Detroit Tribune under the title — '* A man 
with a history.** At Lansing, he claimed to be a mining engineer, and 
betook himself to the Agricultural College, where he '* named the fos- 
sils" in the collection of that institution. 

On making Inquiry as to the identity of this man with the '*0. L. 
SyrskI,*' who had been a short time before released on parole, it was 
learned that, ** in the language of the streets, Syrski has jumped his 
parole, beaten his boarding-house, and employer, and skipped," with 
the incompleted sentence still hanging over his head. 

He is now again launched upon the community, to continue to be a 
scourge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
Russian, often as deaf and dumb, and always making memoranda on 
little squares of colored writing-paper which ho carries In very small 
vest-pocket blocks, and taking occasion to steal valuable bpoks, instru- 
ments, and fossils from his hosts, he now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course he conducts dishonestly. 

He is thus described at Saginaw; a man of medium bight, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
keenness and rather watery, and a firm jaw, giving decision to his con- 
versation. His language is fluent, and free from any foreign accent or 
peculiarity. Ho has lost one or two front lower teeth, and looks to be 
35 or 40 years old. The attached half-tone reproduction of his por- 
trait is from a photograph taken by the Cincinnati police at the time of 
his last trial and In<!arceration. The negative is held by Vail Brothers, 
photographers, 254 Main street, Poughkeepsie, N. Y., and their price 
for a single copy Is 35 cents. It is a very accurate portrait of him as 
he appeared three years ago, as many who have suffered from his thefts 
3an testify, except that he Is a little more rough in his personal ap- 
pearance, in the portrait, than usual. 

Short notices of his career are given In The NcUuraUafs Leisure 
Hour {A, E. Footers), March, 1884 (written by F. V. Hayden), in 

Science^ Jan. 14, 1887, June 17, *87, and in the American Okolooist, 
January, February, and April, 1888, and February, 1889. He has ap- 
peared under the following aliases: ^'-Gratacap,*' ** Cap t. C. E. But- 
ton, U. S. A.," **Prof. H. S. Williams," ** Ellis," "Ellison," '*Reit2 M. 



Vastllez," "Vasile," "Vaslllef," **Robt. VerralP' or "Varrall," "O.L. 
Syraki,'' O. L. Sussulich," " Leo Lesqaereaux, Jr." (son of the late emi- 
nent paleobotanlst), **W. R. Taggard," **Prof. Cameron," "Prof. Le- 
veille," and "E. O. Strong." 

No one has yet been found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the institution where he gained 
his excellent higher education. He himself declares that he is a gradu- 
ate of the University of Kief in Russia, but no inquiry seems to have 
been made into the truth or falsity of the statement. He has shown a 
familiarity with the Sclavonic languages by conversing freely with Poles 
and Hungarians in the quarries at Rondont, N. Y., In their own tongues. 

We have no vindictive feelings against the man at all, but we believe 
that we can do no better service to scientists In America than by putting 
them on their guard against strangers without good credentials, and 
arming them against **0. L. Syrski," by giving this information. 

According to latest information, a one-inch Zeiss microscopic objec- 
tive, which was on his person when captured in Tennessee, is still in 
the hands of the chief of police, Cincinnati, unclaimed. 

In August, 1887, he procured from Rev. Arthur H. Flack, president 
of the Claverack Collegis, Claverack, N. Y., a loan of |15 on a spectro- 
scope which he left on his hands *' until he should return the loan." 
Of course the "loan" was never returned, and the stolen spectroscope 
still awaits its owner at Claverack College. 

Ambbicax Geologist. 
May 15, 189U 



Walker Prizes li> Natural History. 



The Boston Society of Natural History, offers a first prize 
of from $60 .to $100 and a second prize of a sum not exceeding $50, for 
the best memoirs, in English, on one of the following subjects: 

1. An original investigation into any of the problems connected 
with the geology of the last ice epoch in New England; any of the gla- 
cial features, as for instance the distribution and history of morainal 
deposits and eskers, or of sand plains may be selected. 

. 2. An original investigation Into the recent changes of level of the 
whole or of a part of the shore line of the eastern United States. This 
Inquiry must include observations on and discussions of the phenome- 
na exhibited by elevated sea margins and submerged forests. 

3. A study of any river valley in New England, containing an area 
of not less than one hundred square miles; the Inquiry to Include the 
preglaclal history of the stream, the changes effected In the basin by the 
last Ice epoch, the relation of the valley to the neighboring basins, and 
to changes of level of the sea. 

Each memoir must be accompanied by a sealed envelope enclosing 
the author's name and superscribed by a motto corresponding to one 
borne by the manuscript, and must be handed to the Secretary on or be- 
fore April 1st, 1892. 

Prizes will not be awarded unless the memoirs are deemed of ade- 
quate merit. 

For further particulars apply to 

SAMUEL DEXTER, 
Boston, July 1st, 1891. Secretary. 



An American Geological Railway Guide. 

Giving the Geological Formation along the Railroads, with Alti- 
tude above Tide-water, Notes on Interesting Places on the 
Routes, and a Description of each of the Formations. By 
James Macfarlane, Ph. D., and more than Seventy-five 
Geolc^sts. Second edition, 1890. 426 pages, 8vo. Cloth, 
$2. 50. 

D. APPLETON & CO., Publishers, New York. 



GEOLOGIST. 



Aoourate Reports on Properties in Texas, Arkansas, Indian 

Territory, New Mexico, Arizona and Mexico, and 

in Southern United States. 



H. M. CHANCE. 

Coal and Iron Specialist. 

Properties examined and developed. 
Mining methods and appliances a specialty. 

418-420 Drexel Building. PHILADELPHIA, 



Geologist and Chemist, 

Reports of mtneni lands. 

InTeatlgatlons ol chemical and phTSleal Bubjeeta. 

1042 Drexel Bxiilding. PHILAX>ELPHIA. PA. 
WALPOLE ROLAND, " 

Civil and Mining Engineer, 

PORT ARTHUR, CANADA. 



Analytical Chemist ^ Assayer 

CHEMIST IN CHARGE CEOLOCICAL SURVEY OF TEXAS. 
•ru t. bm*>«at. AUSTIN, TEXAS. 



Consulting Mining Engineer, 

COLORADO STAT C OLOCIST, OURAY, COLO. 

Will advise upon the development and manaKement of mines. 

EVERETTE'S MINING OFFICE, 

Pioneer Mining Offloe of Pacific Northwest. 

Havingr the largest permanent brick ajisay fnmaces, chemical laboratory and 
mininR office on the northwest coast, with a collection of about 4,000 sarnies of 
the ores of Alaska, British Columbia, Oresron and the northwest territories; and 
havinflT made personal examinations of nearly every mininar camp on the Pacific 
slope from California to Alaska, I am prepared to do any class of legitimate and 
honest mininsr work, such as 

Examining, Engineering, Sampling and Reporting on the Value of all Min- 
eral, Coal and Inre Clay Properties, Building Stones, Earths, Assays and 
Ajuuysls of Ores, Waters, Check Samples of Ore, Pulps, 

" Organic Analysis" work, and in fact any work connected with the office of a 
first-^cass mining geologist and chemist. Any information mining men may 
desire to know relative to the MH^ERAL OR COAL RE80URCE8 of the entire 
Pacific northwest will be honestly given. Address I>R. W1LU8 K. KVKRKTTE, 
Consulting Mining Expert and Geologist, 1^18 £. Street, Taooma, Wash. 
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THE B£ST MININ0 fiAPER IN THE WORLD. 



$$ 



tin, Tsssirf^^^%xim^ 



Gives everythiiiff new and valuable to the Ensrlneer, the Miner, tlie Mela 
lurgist, the Investor and the general reader, who desires to understand 

how metals and minerals are produced, manufactured and used. 

SCIENTIFIC. POPULAR. RELIABi.E. 

Subscription Prioe» 94.00 a Tear. 

BEST APYERTI8INC IWEPIUIW, 

Tba Largest Cireuhtien of any Teobnieai Paper in Amarlea. 



PUBUSHEO BY 



The Scientific Publishing Company, 

Publishers and Booksellers, 

27 PARK PLACE, NEW YORK. 



PuUitbert ef the Best Beekt in their Classes : 

Thr Mbtallurot of Stkbl. Bowe. {2d edition) $10 . 00 

Gkmb akd Pbbcious Stones of North Amkbica. Kunz 10. 00 

MoDBBN American Methods of Copper Smbltinq, Peters, 2d editicm 

in Press. 4.00 

The Lixiyiation of Silver Orbs. Stetefeldt 5.00 

Mining Accidents AND THEIR Prevention. Abel 4.00 

ThbBasic Bbssbmbr Process. Wedding, r^ 3 50 

Mining Ck>DB OF THB Rbpublic OF Mexico. Chism 1.00 

Chemical AND Geological Essays. Hunt, (^^d Edition) 2.50 

A New Basis for Chemistry. Hunt. {2d Edition) 2.00 

Mineral Physiology and Physiography. Hunt. {2d Edition) 5 . 00 

Systematic Mineralogy Based on a natural Classification, Hunt. 

{In Press) 

Etc., Etc.. Etc. 



Send Ibr c^talofi^ne of Scientific and Technical Books, which will be 
sent IVee, and inquiries answered concemin£f the 

Best Books to Buy. , 



Taabnioai and Saiontif it Baaks, Magazinaa and Papara auppllad 



8C1MNT1T1C BOOKS. 

RACES AND PEOPLES. 

By DJLN^ISL O. BIJINXON. M. B. 

"We ttxoDgly reeoBunend Dr. Brlnton's 'Races and Peoples' to both begianen mnd §cboteni. 
We are not Aware of uy other recent work on the science of which tt mM» In the English 
lauffiisae." — Atiatie Quarterty* 

"Hlsuook is »n excellent one, and we cnn heartily recommend tt as mi Introductory mannal 
of ethnology."— rA« Monist. 

**A useful and really interesting work, whish deserves to be widely read and studied, both 
In Surope and America."— BWaMon (Eng.) Herald. 

**Tbis volume Is most stimulating. It u written with great clearness, so that anybody can 
understand, and while in some ways, perforce, superfldai, grasps very well the complete Held 
of humanity."— rAe New Fork Timet. 

**Dt. Brinlon Invests his sclentlflc Illustrations and measurements with an Indescribable 
charm of narration, so that 'Races and Peoples,' avowedly a record of discovered facts, Is in 
reality a strong stimulant to the imagination."— Phlladelpnla Public Ledger. 

Prioey postpaid, $ 1 .75. 

The WiniiiM CoimtiT; or, RomiJuiif it Witli an Ecliine FailF. 

By A. ROCHESXEI? FELLO^W. 

(S. H. SOUOOCR.) 

With 32 Illustrations and a BCap. 12o. $1.60. 

BEADY IN JANUARY. 

THE LABRADOR COAST. 

A Journal of two Summer Cruises to that region ; with notes on its 
early discovery, on the Eskimo, on its physical geography, geology and 
natural history, together with a bibliography of charts, works and arti- 
cled relating to the civil and natural history of the Labrador Peninsula. 

By ALF»HEUS ©PIJINO I»ACKAteD, M. D^ Ph. D. 

8^ about 400 pp., 93.60. 

FACT AND THEORY PAPERS. 
I. THE SUnmCSSION OF CONSUMPTION. 

By GoDFRBT W. HA](Bi,BTOir, H. D. ISmo. 40c 

II. THE SOCIETY ANO THE '<FAn." 

By ArPLBTON Hoboam, Esq. l2iiio. 20o. 

III. PROTOPLASM ANO LIFE. 

By C. F. Coz. lamo. 76o. 

IV. THE CNEROKEES IN PRE-COLUMBIAN TINES. 

By CTK08 Thomas. 12ino. $1. 

V. THE TORNADO. 

By H. A. Hjucbn, 12mo. 91. 

VI. TIME REATWNS OF MENTAL PHENOMENA. 

By JosarH Jabtrow. l2ino. Sue. 

VII. HOUSEHOLD HVeiENE. 

By Mary Taylor Bimbli.. i2nio. 76o. 



PERIODICALS. 

-A NKW MONTHLY. 



The Iitenatioiiil Joviiil of licroscoiy and Natural Scieice. 

$1.7B per year. Xo Science 8ul3Bcrll>er8, Si 

$3.60 per year. 

N. D. C. HODGES. 47 Lafayette Place. New York. 



MACffllLLAN & CO.'S 

GEOLOOICAX B 



• If 



WORKS OF ARCHIBALD 6EIKIE, F. R. S, LL. D, 

DlRECTOBrQESmSLASj OF THB GbOLOOICAL SuRVBTB OF THB UKITKD KiKOIMM. 




NEW AND CHKAPER EDITION 

GLASS-BOOK OF GEOLOGY. 

Ulustrated with upwards of 200 Wood Cuts. 12mo.: $1.10. 

** In preparinfir tbe Second Edition, I have thorouirhly revi6ed the Glass-book, so 
as to keep it abreast of the onward prufrress of Geolosry. The sale of a large im- 

firehsiiin and the numerous communications received from teachers and others, 
lave ]ed lr the belief that the be ok mifflit be made still more useful if printed in 
such a form as to adroit of its beinfr fiola at a ffreatly reduced price. This chaiiflre 
has now been effected : but the volume, thonirh diminished in bulk, contains 
rather more matter than the lint edition. Care has been taken to make tbe 
Index fall and accurate."— i'Vom the Author** Prtfaee, 

ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY. 

With numerous Illuiitrations. 16mo.: $1.10. 

"Anythinfc more different from and more superior to the ordinary school-book it 
iRiuiltOHKible to imagine. Were text-books adopted on their merits, we should 
expect to see this one supplant all others in Physical Geography."— C%ri«(iaii 
Union, 

" We heartily commend this little volume to all teachers and students of physi- 
cal geomnphy. "—J\rat<ona/ Journal <if Sducation, 

SECOND EDITION, REVISED AND ENUkROED. 

TEXT-BOOK OF GEOLOGY. 

With numerous Illustrations. 8vo.: $7.00. 

'* We venture to predict that Prof. Geikie's new volume will be quite as highly 
appi'eciated on the other Hide of the Atlantic as on this, and on tins Hide it will 
certainly step at once into tbe foremobt rank among our standard text-books.*'— 
London Athenmum. 

'* A noble and masterly work itissure to replace our more familiar 

text-books by itA fulnesb, its freshness, its ooudenhation, ita admirable illustra- 
tions, and its undoubted authority.*'— CAri«<ton Advocate, 

" Undoubtedly the most thoronjrh and comprehensive work of its kind, for the 
use uf studeutAi in existence."— iJo^lon Transcript, 

OUTLINES OF FIELD GEOLOGY, 

With numerous Illustrations. 16mo. : $1.00. 



CHEMICAL, PHYSICAL AND STBATIGBAPHICAL. 

ftY JOSEPH PRESTWICH, M. A.. F.R8., F.G.8., 

Correspondent of the Institute of France, Professor of Geology in Univenity 

Oxford. 

^ la % Vols., Svo., with Illustrations. 

Vol. I.— Chemical awd Physical, 8vo., $«.»«. . 

Vol. II.— Stratigraphical and Phtsical* 8vo., iO.OO. 

This work is a general treatise on Geology adapte<l both for elementary and ad- 
vanced students. Vol; I. treats of questions in chemical and physical Geology , 
and special attention is paid to such subjects, amonsr others, as hydro-geoloffy, 
the ffeoloKical bearings of the recent deep-sea explorations, volcanic action, 
joints, mineral veins, the age of mountain ranges, and metamorphism. Vol. II. 
treats of stratigraphy and palieontology, and touches upon various theoretical 
questions. The author advocates tbe non-uniformitarian views of geology. 

"Every geologist will turn laith interest to these pages and will render a juRt 
homage to the great learning and judicious thought which are everywhere con- 
spicuous in tik&m.**— Nature. 

MACMILLAN A CO., 112 Fourth Avenue, New York. 



Bausch & Lomb Optical Co^ 

UANUFACTURERS OF Ik Jf 

Theleadtog American JVl ICROSCOPES 

OBJECTIVES AND ACCESSORIES. 

Photographic Lenses, and other Optical Instruments. 



NEW PETROORAPmCAI. HICROSCOPB, 



CampUlt lUuslrattd Catalogut on AppikaiwH. 



Fwtory and Main Offtc*: 

I3i*S43 Kotth St. Paul Street, 

ROCHESTER, N. Y. 



48 and 50 Maiden La 
HEW YORK. 



THE 



AMERICAN GEOLOGIST 



Vol. VIII. SEPTEMBER, 1891. No. 3. 

PRELIMINARY NOTES ON THE TOPOGRAPHY AND 
GEOLOGY OF NORTHERN MEXICO AND SOUTH- 
WEST TEXAS, AND NEW MEXICO. 

By Rob't T. Hill, Austin, Texas. 

The topographic and geologic features of northern Mexico, and 
the Trans-Pecos region of Texas and New Mexico have been for 
several years a subject of profound interest to the writer, who, 
notwithstanding much study, involving thousands of miles of 
travel, still feels that he can contribute only • a few data concern- 
ing this vast region, and that the main facts and details of its 
structure are still unraveled, especially those relating to oro- 
graphic and igneous geology, and he presents the accompanying 
description of a small, but typical portion of the area, with the 
hope that it may be of some assistance to those who are more 
competent to discuss as a whole the grander orographic features of 
our continent. 

• I have previously shown the salient topographic features of the 
region to consist of: 

1. A series of present and ancient coast plains, consisting of strata of 
Trinity and later age, which covers the eastern half of the state, and 
collectively form what I will call the coastward incline: This embraces 
the coast prairies, the Washington prairies, the Eo-Lignitic or Forest 
region, the black prairie, the Grand prairie, and the two Cross-Timbers. 
The Llano Estacado in some respects may be classified generally with 
this region, but for the present, I prefer to treat it separately. 

2. The central denuded region, including the great rock sheet of the 
Paleozoic and early Mesozoic ( Red beds ) mostly dipping westward, 
which lie unconformably beneath the group of the coastward incline. 
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and are exposed either by the removal of the latter through erosion, or 
being upturned in the two great monntain systems, which limit the 
region — the Ouachita on the north, and the basin ranges of the Trans- 
Pecos region and northern Mexico on the west. 

3. The above mentioned mountain systems, the first of which the 
Ouachita system of Arkansas and Indian Territory is older than the 
plains of the coastal system, and against which they were laid down ; and 
second the Basin mountains which are composed of the uplifted, folded 
and crumpled southward edges of the earlier of these plains; t. e. 
those founded on rocks of Cretaceous age. 

4. Plains of later age than the mountain foldings which were laid down 
against these newer mountains, and these include the Llano Estacado, 
and the later formations of the coastal series ; and lacustral basins which 
were laid down between the mountains and in valleys of the plains like 
the dry lake beds of the latter region. 

Many of these features have been described in previous papers, 
especially those of the eastern half of the Texas region, and in the 
present paper, I wish to contribute a few facts concerning the 
Texas- Mexican extension of the Basin region. 

Among the most conspicuous of the basins are the lakes La- 
honton and Bonneville, numerous unnamed basins in Arizona and 
in New Mexico; the Mesilla valley, the Franklin-IIueco valley, 
and El Jornado del Muerto in New Mexico; the valley of the Salt 
Lakes, the Eagle Flats, and the To3'ah- Pecos basin in Texas; and 
tlie basin of Presidio Del Norte, plains of Chihuahua, El Bol- 
ion de Mapimi ; the plains of Lago Aqua Verde, Baroteran Bar- 
real del J unco, Valle Hundido, Valle Labago, Cayote and nu- 
merous others. 

It should be borne in mind that these plains cover numerous 
areas, and occupy most of the region, the mountains l>eing far 
secondary to them in extent and areal importance. 

GEOGRAPHIC EXTENT OF THE BASIN REGION. 

The topography of tlie whole of the United States, and north- 
ern Mexico, south of the 8H° of latitude between the Sierras of 
California, and the Pecos-Lower Rio (irande, may be defined as 
a series of vast plains or ancient base-levels studded at remote 
intervals l)v mountain blocks sometimes isolated, sometimes in 
groups or chains. These mountains belong to the style defined 
])y Russell as composed of stratified sedimentary beds which have 
been broken by profound fractures, and upheaved as great moun- 
tain blocks. Surrounding these mountain blocks (and com[)osed 
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of their debris ) and extending like a smooth floor from one to 
the other are the plains or basins. 

There is also much igneous material, but this is a secondary 
feature, to be mentioned later, and most cases is in the beds of al- 
most recent lakes, above which the mountains but lately (in geologic 
times ) projected as islands. This is the true basin structure so 
ably described in fractional portions of its extent in Utah and 
Nevada, by Gilbert, Button, Russell, Powell and McGee. In cen- 
tral New Mexico the true Rocky Mountain system ends abruptly 
against this region, just south of Santa Fe. All mountains north 
of that point are in the basin region. 

The western escarpment of the Llano Estacado and the Pecos 
river and its continued course in the Rio Grande form approxi- 
mately the eastern border of the basin region in Texas and New 
Mexico, while its southern border extends southward through 
CJomanche and eastern Chihuahua in Mexico to the state of 
Durango. 

The principal mountain blocks of this region are the following: 
In southeastern New Mexico, the Sierra Oscura, the San Andreas, 
the Juccarillo, Sierra Cabella, Sierra Florida, Sierra de la Hacheta 
and many unnamed blocks; in Trans-Pecos, Texas, the Orgim 
Franklin chain, the hueras, the Van Home, Carrisos and the Las 
Chisos, Davis mountains, the Chenatis : in northern part of Mexico, 
the Juarez mountains ( near city of Juarez ), Sierra del Carmen, 
Sierra San Vincente, Sierra del Burro, Las Arboles, Las Cruces, 
Sierra Encantado, Sierra Carrizalyo, Sierra del Santa Rosa, Sierra 
de Guajes, Sierra Lampazos and manj- others ; the eastern contin- 
nation of the region into Mexico. 

Intimately and closely associated with these basins, is the west- 
ward embayment of the Rio Grande from the coast. This em- 
bayment is marked by the southern escarpment of the Edwards 
division of the Grand Prairie, on the north from San Antonio to 
Del Rio, and by the Santa Rosa and allied mountains in Coahuila, 
and is a great topographic depression, up which all the late (Cre- 
taceous and Quaternary formations deflect. It is covered more 
or less to the coast by a detrital deposit of an age probably related 
to the entirely enclosed basins. The northern ( Texan ) boundary 
of this basin is a fault wall — the great Austin-New Braunfels 
fault of my previous papers. 

The southern boundarj\ in Mexico, is composed of typical 
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basin mountains occurring in isolated blocks, a type of which will 
now be described in the Santa Rosa mountains. 

These mountains lie south of the Rio Sabinas and west of the 
Mexican International railway, and rise about 3,000^feet above- 
the plain. They are composed entirely of blue Cretaceous lime- 
stone of the Comanche series, here metamorphosed into the firm 
aspect of the Silurian limestones. 

The Sierra de Santa Rosa are among the first true mountains, 
i. e. mountains produced by dislocated or folded stratification, 
met in northern Mexico. They are the eastern flank of the out- 
liers of the great basin group or system which extends^southwest- 
ward through the Trans-Pecos region of New Mexico and Texas 
into northern Mexico, and are the beginning of the great minerat 
district of the latter region. These mountains rise in beautiful 
profile above the plain which surrounds them and extends north 
of them to the Rio Grrande, and at a glance they mark the be- 
ginning of an entirely distinct geographic and geologic region 
from the Atlantic coastal region. 

Northeastward of these mountains towards Laredo" and Eagle 
Pass extends the plain or basin, which I have described as the- 
Rio Grande embayment which, carved bj' erosion into valleys and 
small hills, is a unique geographic feature constituting the drain- 
age basins of the Rio Sabinas and Rio Grande and sometimes- 
called the San Felipe Coal Basin. 

1. The Mountains. The Sierra Santa Rosa': is an interesting 
piece of mountain architecture, consisting of an elongated mass 
or block of hard rock structure surrounded on every side by level 
plains. They extend northwest for fifty miles west of Baroteran. 
The mountain is alx^ut ten miles wide upon an average, and the main 
axis or ridge is unbroken by passes. Geographically this moun- 
tain always presents three persistent and interesting longitudinal 
divisions, (a) The Sierra Grande or main^mountain constituting 
the main central axial mass or backbone: of .the range standing 
about 1,500 feet alxjve the plain of the basin, (b) The Sierra 
Chiquita or hog backs — a row of sharp angular mountains, which 
lie parallel to and on the north side of the ^Sierrajproper. There- 
arc some fifteen of these separated from each other by narrow can- 
ons of erosion, and from the Sierra Grande^by^an irregular grand 
chasm. These Chiquitas are about 500 feet above .the plain, and 
are the most important of the geographic divisions, economically,. 
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in that they and their foot hills (the lomitos) contain the valuable 
mineral deposits, (c) Los Lomitos. Northward and parallel to 
the Chiquitas — just as the Chiquitas are parallel to the Sierra, 
and in the same manner as they subtend the Sierra, is a row of 
low, rounded, grass-clad hills known as Los Lomitos (the little 
hills). These are very small, usually not over 100 feet high, but 
are an important feature of the district. 

2. The Plain. Looking from the mountains north and east- 
ward can be seen an extensive stretch of sub-level country — the 
basin of the Rio Grande and Sabinas — the great coal field of 
northern Mexico. There are several features of this plain which 
deserve brief mention however; (a) the valley of the Rio Sabinas, 
which is from 12 to 15 miles north of the mountains, a beautiful 
stream of great volume, which has worn its way down through 
the strata to a distance of about 1,000 feet below the base of the 
mountain, thereby exposing the geological structure of the plain. 
Remnantal of this great erosion of the Sabinas are several import- 
ant topographic features; (b) the volcanic mesas, which when 
viewed from the west, resemble an elongated platform or bench 
projecting northward from the base of the Chiquitas. Its top is 
perfectly level, but the precipice which surrounds it is about 100 
feet high, (c) Near the northern end of this table land are sev- 
eral disconnected flat-top circular hills (buttes) which are rem- 
nant of the former extent of the mesa. 

(d) The Lonma. At several places in the valley are low hills 
of yellow sands and clays, the remnants of the valley of the Sabi- 
nas, which has cut down into the coal measures constituting the 
foundation of the plain, upon which the conglomerate and lava 
have been deposited; To the northwest and across the river these 
lomas (hills) have considerable extent and form a low range of 
elevation about 300 feet above the riveV. 

(e) The Conglomerate Terrace. Near the base of the mount- 
ain, and extending into the valley from one to four miles is a 
level bench composed of fragments of mountain rock. Wher- 
ever this bench or terrace is eroded, beneath it are found the soils 
used by the agriculturists, irrigated by the streams from the 
mountains. No doubt this formation once covered most of 
the plain. 

III. OEOLOaiC STRUCTURE OF THE REGION. 

{a) The maia mafts of mountain, or Sierra. Grande is composed 
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of massive blue-gray and blue-black 
stratified limestone of great hard- 
ness and durability, tilted at slight 
angles in various directions, and 
void of any marked folds. No 
granitic or volcanic rock is any- 
where exposed in these, and the 
rocks which underlie this limestone 
series are concealed. At least 
4,000 feet in thickness of these 
rocks are exposed, and from the 
occurrence of characteristic fossils, 
they are seen to belong to the great 
system of rocks in Mexico and 
Texas, known as the Comanche 
series, and are of Lower Cretaceous^ 
and probable Jurassic age, i. f., 
older and below the Meek and 
Hayden section of the North Amer- 
ican Cretaceous. This is the same 
system of limestone which com- 
poses many of the mountains of the 
Trans-Pecos region of Texas, and 
the silver-producing mountains of 
Mexico and New Mexico, and 
which occurs in Texas as less un- 
durated chalkv strata. These rocks 
were elevated into their present po- 
sition at the close of the Upper 
Cretaceous j^eriod, and have un- 
dergone much denudation and 
erosion by subsequent events. 

(6) The Sierra (Viiqnita or hn^ 
backs. This system of small moun- 
tains, skirting the north flank of 
the main mountain mass, and in 
which the mines arc located are a 
part of and composed of the same 
rock as the Sierra Grande or main 
mountain mass, l)ut differ from 
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them only in arrangement and greater tilting 
of the strata. They represent the bent and down- 
thrown portion of what is technically known as a 
faulted monoclinal fold as shown in the accom- 
panying figure. This separated them from the 
main mountain mass. 

The strata of the Sierra Chiquita or Hog Backs 
stand almost vertically, dipping 80° north and 
striking 20° south of east. By erosion the Sierra 
Chiquita which once constituted a continuous 
ridge, have been separated by canons and given 
their present serrated and isolated individual- 
itv, as shown in the sketch of the mountain 
range. 

Accompanying the great fault which sepai*ated 
the Chiquitas from the Sierra Grande, numerous 
fissures, joints and all the fractures were made 
in these smaller mountains at right angles to the 
strike of their stratification and the main fault, 
and into these at a subsequent period has been in- 
filtrated the mineral and accompanying vein mat- 
ter. By this sub-vertical tilting of the strata of 
the Sierra Chiquita, upward of 5,000 feet of the 
limestone formation are visible in the canons, 
which cross them at right angle to the stratifica- 
tion and in the direction of the veins (north and 
south appproximately). 

(c) The Lomitos or Foot Hills. This range of 
small hills which run parallel to the Chiquitas, 
is a product of the same folding which produced 
the latter, but is of a later age and softer strata, 
l)eing composed of a thin laminated calcareous 
shale, of the Upper Cretaceous, which in places is 
very much metamorphosed, having the appearance 
of slate, and so called by the miners. In other 
places they are almost chalky. It is owing to 
this difference in hardness and structure that 
they have yielded more readily to the erosion 
and hence their diminutive size. At the contact 
plane of this formation of the Lomitos and 
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that of the harder rocks of the Chiquitas there are often im- 
portant mineral deposits. 

2. The formntion of the plain. The formation of the vallej' of 
the Sabinas or plain which extends northward from the Santa 
Rosas is entirely different from that of the mountains, and is 
composed ( a ) of thin, laminated, crumbling, calcareous, arena- 
ceous clays, alternating with strata of thin sand and limestone 
accompanied by numerous coal beds, lignite beds, silicified trees, 
fossil molluscs and occasional bones of animals. This is the 
great coal formation of the Sabinas and belongs geologically to 
the verj' latest epoch of the Upper Cretaceous, or Glauconitic 
Division, and should not be confounded with the lignite beds of 
the Tertiary period of the eastern United States, but is allied to 
the coal beds of the Rocky Mountain region as worked in New 
Mexico, Colorado, Wyoming and Utah, and which is one of the 
most valuable and important fuel-producing terranes in the world. 
This coal field is the only one developed in Mexico, and at the 
mines at Sail Felipe some twenty miles distant, the coal is ob- 
tained for all the railway systems of Mexico, and largely ex- 
ported into the United States. These rocks are sub-horizontal a 
few miles from the mountains, but at their contact with them 
they are uptilted, showing their participation in the uplift, and 
that the age of the mountains is Post Cretaceous. 

Before the erosion which exposed these foundation measures in 
the plain, they were covered hy two later and different formations, 
which will next be explained. The whole Rio Grande embay- 
mcnt is underlaid bv this coal formation which is more fullv dis- 
cussed later. 

(/;) The VnUey Conglomerate or Terraces. Forming a terrace 
or bench of the plain for several miles away from the mountains 
and extending up the canons to a certain level, there is a great 
sheet of conglomerate lying horizontally and composed of large 
rounded pebbles of the mountain limestone, cemented by a cal- 
careous matrix. This conglomerate, as exposed by the cutting of 
the arroyos (dry creeks) and canons, is over 100 feet in thick- 
ness and is the shore deposit of the great sheet of water, which 
in late Quaternary times extended over millions of square miles of 
western North America, and which is one of the most remarkable 
features of the continent. 

These terraces of the Santa Rosa have their counterpart on the 
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northern side of the Rio Grande embayment in the great gravel 
debris and estuarine deposits of that region. 

In some of the mines near the contact of this conglomerate 
and the Chiquitas it forms an important element in excavating 
and drifting. 

(c) The Basaltic or volcanic mesas. Next to the mountains 
proper the most conspicuous feature of the region is an elongated 
tableland or mesa and a few disconnected buttes, which extend 
northward from the base of the range north of the Chiquitas 
out into the plain. The summit or table of these is 
composed of hard black volcanic material, the remnants 
of a great lava flow which once covered much of the plain, 
but most of which has since been destroyed by erosion. 
This lava sheet is not over 100 feet in thickness, and 
extended up to and against the Chiquitas covering the coal fields 
unconformably, and having been a most important factor in pro- 
ducing the mineralogical conditions of the area. By its weight 
and heat the lignites of the Sabinas coal fields were converted 
into the superb coals, and the metallic fillings of the veins and 
fissures are apparently connected with it. Far out into the plain 
towards San Felipe, remnants of this lava flow can be seen, 
although the source from which it came is unknown, for there are 
neither craters, fissun^s, dikes, intrusions or other vents visible in 
the Santa Rosas ( although they have l)een erroneously reported ) 
and the nearest known to the writer are in Uvalde and adjacent 
counties of Texas 150 miles distant. Whatever may have 
been the source of this lava there can be little doubt, from the 
occuri'ence of the valuable minerals only in those Chiquitas 
in its vicinity, that the origin of the minerals is closely con- 
nected with its phenomena in comparatively recent geological 
time. 

The Santa Rosas are surrounded on all sides by this plain, and 
completely disconnected from the other mountain blocks seen to 
the northwest and east which are all of the same general type of 
structure, i'.^., isolated mountain blocks surrounded by plains. 
Many of the other ranges have porphyritic and basaltic extrusions, 
but the Santa Rosa proper is merely a remnantal block of the 
Cretaceous rock sheets, broken and faulted. It is the simplest of 
all the mountain blocks of the Basin region, and hence I have se- 
lected it for description. 



142 The Aineriean Geologht, September, i89i 

ADDITIONAL NOTES ON THE DEVONIAN ROCKS 
OF BUCHANAN COUNTY, IOWA. 

By S. Calvin, Iowa City. 

The present paper is intended as a preliminary notice of some 
observations recently made on the Devonian rocks of Buchanan 
county, Iowa. In the final paper on the subject references to the 
literature on the Devonian of this part of Iowa, and due credit 
to those who have previously worked in this field, will be given. 

In a paper published in the Bidletiti of the United States Geo- 
logical and Geographical Survey of the Territories^ Vol. IV. 
Number 3, July 29, 1878, pp. 725-730, I referred, under the 
name of The Independence shales, to a member of the Devonian 
series that at that time was supposed to lie at the base of the 
system in Buchanan county. Later observations render it cer- 
tain that the Independence shales do not constitute the lowest 
member of the series, but that they were preceded by brecciated 
limestone of Devonian age. The thickness of this brecciated 
limestone so far as it is developed in Buchanan county, has not 
been ascertained. It is, however, well exposed in the bed of the 
Wapsipinnicon river at Independence. At Troy Mills, in Linn 
county, about a mile from the southern boundary of Buchanan, 
it is again exposed. It may be seen at a number of intermediate 
points. A very perfect limestone breccia, having an estimated 
thickness of about thirty feet, and belonging probably to the 
same horizon as the brecciated limestones of Buchanan county^, 
is exposed in a deep railway cut at Fayette, Iowa. 

So far then as Buchanan county is concerned the exposed strata 
are : 

1. Breeciat^ litriestone. No fossils have as yet been seen In these beds 
at Independence, but at Troy Mills in Linn county, they contain many 
brachiopods that are characteristic of the lower part of the Iowa 
Devonian. 

2. The IndepemUnce s/uiks, composed largely of bluish shales with 
some layers that are black and highly carbonaceous, and containing occa- 
sional pyritized plant stems and fragments of coal. The peculiar fauna 
of these shales and its interesting relation to the fauna of the Rockford 
shales along Lime creek in Floyd and Oerro Gordo counties has been 
discussed in the article above cited. 

3. Gyroceras be4ls. These are beds of rather hard, compact limestone a 
few feet in thickness and containing numerous specimens of a large 
Gyroceras with which are associated robust forms of Gypidula occid^n- 
tiilis Hall, or Fentainerus Minis Owen, of Walcott and some other authors. 
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It may be interesting to state that this same Gyroeera^ and similar robust 
forms of Gypidida occur in the brecciated limestone at Troy Mills. 
About a mile east of Independence the Gyroeeras beds may be seen rest- 
ing on the Independence shales. In the old Kildufl quarry, northeast of 
the city, where the shales were explored for coal, the Gyroceras beds 
were penetrated, and the ^'petrified snakes" attracted much attention. 

4, Spirifera pennata beds. At Independence these beds are about twen- 
ty-five feet in thickness and consist of light-colored, soft, argillaceous 
limestones. Spirifera pennata Owen, is the characteristic fossil, but 
associated with it are 8. himesialis Hall, Atrypa reticularis Linn, A. aspera 
var. oceidentalis Hall var., Cyrtina. hamiltanensis Hall, Productella alata 
Hall, Gypidula oceidentalis Hall, Orthis ioicensis Hall, Orthis macfarlan^i 
Meek, Strophodonta demissa Conrad, a large undescribed Ghonetes and a 
few other forms. The fossils are almost exclusively brachiopods. The 
Atrypa reticularis is a very finely ribbed variety with a tendency to be- 
come alate at the cardino-lateral angles, and having a form that is de- 
cidedly lenticular, particularly in the young and half grown individuals. 
The Cyrtina hamiltonensis is identical in size and shape with the form 
found in the Hamilton strata of New York and western Ontario. The 
Strophodonta demissa is a small, short-hinged, arcuate form, with broad 
flattened ribs. The Spirifera pennata beds are seen in the banks of the 
stream at Otterville, a few miles north of Independence. They are also 
seen on the west side of the river near Quasqueton, ten miles to the 
southeast; at a number of exposures near Troy Mills, eight miles farther 
to the southeast and at intermediate points. Some of the layers in- 
cluded under number 4, are destitute of fossils, but the species enumer- 
ated will be found both above and below the barren layers. 

5. Acercularia profunda beds. At Independence the Spirifera pennata 
beds grade upwards into beds of harder limestone in which brachiopods 
are scarce and corals of a variety of species predominate. GystiphyUum 
ainericanum Ed. and H. is at first the most abundant With it, however, 
occurs very sparingly HeliophyUum haUi Ed. and H. There is also a 
Cyathophyllum or two, and eventually large numbers of Arsrcnlaria 
profunda Hall. Within the limits of the city of Independence the up- 
permost layers usually reach only into the zone of Cystiphyllums, but 
occasionally the upper beds include AeermUariaprofunda. From a mile 
to a mile and a half east of the city this last species is quite abundant. 
At a quarry near Jesup, about nine miles west of Independence the A. 
profunda beds are well developed, but it is at Littleton, about ten miles 
northwest from Independence, that they are seen in greatest perfection. 
About a mile south of Littleton a ** dry run,^' that becomes quite a tor- 
rent in rainy weather and at other times is a mere dry channel, has cut 
into the A. profunda beds. The matrix here Is much softer than at 
Independence and the corals are beautifully weathered out. Along with 
A. profunda occur excellent specimens of GystiphyUum, Gyathophyllum, 
Zaphrentis, Favosites, Gladapora, Ccenites, Stromatopora and other genera. 
At Independence the corals separate from the matrix with extreme difil- 
culty and satisfactory specimens are rarely obtained. In the banks of 
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the river, just below the mill at Littleton, the Acervularia prof unda beds 
rise only a few feet above the level of the water. Farther down the 
stream they are better exposed. 

6. Acervularia dacidsoni hed^. These beds lie upon the A. profunda 
beds. The transition from one species of Acervularia to the other is 
very abrupt. There are layers crowded with A profunda Hall, in the 
lower part of the bank of the river, and two or three feet higher the 
rock is simply a compacted mass of A davidsoni Ed. and H. The two 
species never occupy the same layer, and furthermore the two are here 
as distinct as any two species of the same genus could be by any reason- 
able possibility. In mode of growth, size and depth and essential char- 
acteristics of the calyces of the individual corallites, development of 
the septa, and indeed in all particulars that make up specific distinctions, 
A. profunda Hall, and A. ducidsoni £d. and H., are at least at Littleton, 
Iowa, specifically far apart. This much is said for the reason that so 
eminent an authority as Rominger regards A profunda as merely a 
variety of the species A. dacidsoni. 

In layers associated with the A. davidsoni beds, though not in the 
same layers with the corals, are found specimens of Spirifera parryana 
Hall. As I have elsewhere observed* the beds that furnish S. parryana 
always lie above those in which S. penmita occurs. This relation is well 
illustrated in the rocks of Buchanan county. Along with A. davidsoni 
occur a number of species of Facosifes and one species of Chonophyllum. 
The same i^V/ro9»>« and ClMnophylluni Are associated with A^ dacidsoni 
and S, parryana at Iowa City, in Johnson county, Iowa. The A. david- 
soni beds at Littleton furnish some beautiful examples of Peniamerella 
dnbia Hall, a species that occurs at the same horizon near Iowa City. 
Neither Atrypa aspera nor any form of spiniferous Atrypa, is known 
from beds, number 6, either in Buchanan county or elsewhere in Iowa. 
These beds with their A. dacidsoni, Facosite^tf Spirifera parryana, and 
other distinguishing characteristics are well developed along Lime 
creek, near Brandon, in the southeast comer of Buchanan county. 

7. Yellow shale beds. At a considerable distance above the A. david- 
soni beds, with probably some characteristic beds between, occurs a bed 
of yellow colored shales. These shales are exposed well up in the river 
bank below the mill at Littleton. The fauna is peculiar in this respect, 
that nearly all the forms are strangely modified. Atrypa reticularis Linn, 
is very coarsely ribbed, with the ventral valve flat or concave and the 
dorsal valve excessively gibbous, contrasting strongly with the form from 
the Spirifera pennata beds. JStnrphodonta denu'ssa Con., is large, the 
hinge line often exceeding two inches, and the width of the shell fre- 
quently more than twice the length. Cyrtina hamiltonensis Hall, is a 
diminutive affair having, on an average, less than one-fourth the normal 
dimensions. A Spirifer which may be a modified a*?, parryana, but de- 
serving to rank as a distinct species, has the hinge area much narrower 

*yotfti on the Synonymy^ Charactern ami Dhtrihntion of Spirifera parryana Ilall. 
Bntletin from the Luhnratorlets of Xatnral IH^tory of the State Unlrerslty of Iowa. 
Vol. I. Xo. i, p. 25 et wq. 
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than in S. purryana^ and the mesial fold divided by a deep groove. These 
beds also furnish a Terebratula that may be representative of T, ioioensis 
Calvin, found in association with S, parryarui near Fayette, Iowa. An 
Orthis related to 0. ioicensis Hall, a small, undetermined Rhynchonella 
and numerous stems of Striatopora, complete so far as observed the 
fauna of beds, number 7. 

In addition to the seven beds here recognized the Devonian of 
Buchanan county embraces beds containing Renssdaria johanni 
Hall and Whitfield, but the relation of the Eensselaria beds to 
the beds above described has not been definitely ascertained. 
Rocks with Rensselaria are in place at Fairbanks above Littleton, 
and some detached fragments containing this genus were found 
at Littleton and at Jesup. 

The fossils found in numbers 5, 6, and 7 resemble very closely 
the assemblage of species cited b}' Messrs. Hall and Whitfield in 
the twenty-third report on the state cabinet of New York, p. 224, 
as occurring at Waterloo, Iowa. The Spirifer from the shale beds, 
number 7, sometimes resembles very closely S. oweni and again 
it is not unlike certain forms of S. manni. In the paper cited, 
p. 225, Hall and Whitfield infer that the Waterloo beds are more 
nearly related to the Upper Helderberg limestones of New York, 
while the Independence beds that contain Spirifera pennata may 
in their judgment be the representative of the New York Hamil- 
ton. The observations set forth in this paper clearly demonstrate 
that the coral bearing l>eds at Waterloo are j'ounger than the 
Spirifera pennata beds at Independence. 
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Journeyg on the Inland Ice, Compiled by George C. Hcrlbut, 
Librarian of the Society. Ibid., pp. 171-198. 

The Party and the Outfit for the Greenland Journey. By R. E. Peary. 
Ibid., pp. 256-265. 

Many questions concerning the glacial drift and the Pleistocene 
ice-sheets of North Amertca and Europe have recently received 
much illumination, with promise of more in the near future, from 
contributions to our knowledge of the ice covering the interior of 
Greenland. Wherever that country has been explored, the edge 
of an ice-sheet is reached within distances varying from a few 
miles to fifty or rarely a hundred miles back from the coast; and 
the icebergs of the North Atlantic are supplied by the glaciers 
which descend from this inland ice to the heads of the long and 
narrow, deep fjords, and in part by tracts of the broad ice-sheet 
itself where it extends quite to the outer coast line and terminates 
in the open sea. Peary estimates the area of Greenland to be 
about 750,000 square miles, of which he believes that four-fifths 
or about 600,000 square miles are thus ice-enveloped. The Ant- 
arctic ice-sheet, however, surrounding the south pole, is nearW 
ten times larger than this ; and in the Pleistocene period both the 
North American and European ice-sheets occupied areas more exten- 
sive than the inland ice of Greenland, though less than the 
southern polar ice-cap. 

Comparing the existing with the ancient ice-sheets, the low 
lx)rders of the Antarctic lands, covered with a vast expanse of 
ice which stretches far into the sea and is broken off in tabular 
or broad and flat bergs, may be supposed to represent nearly the 
Pleistocene ice- front as it was pushed into the Atlantic on one 
side from southern Norway, from the basin of the North sea, 
from Scotland, the Hebrides, and Ireland, and, on the other side, 
from Newfoundland, Nova Scotia, and the eastern shore of New- 
England. But the mountainous borders of Greenland, discharg- 
ing icebergs of every irregular shape from its fjords and from 
portions of the ice -sheet that here and there reach to the ocean, 
seem to fall short of the grandeur of all the seaward limits of the 
old ice-sheets, though most nearly resembling their development 
on the rugged shores of northern Norwaj*, of northern Labrador, 
and of British Columbia, where the ice flowed through gaps of 
the mountains forming these coasts and their islands and termi- 
nated beyond the present seaboard. 
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Professor Wright's chapter, **The Glaciers of Greenland," 
well reviews the early explorations, previous to Pearj', including 
the journeys and writings of NordenskiOld, Jensen, Helland, 
Kink, Kane, Hayes, Whymper, and others. The most important 
of these journeys were by NordenskiOld, in 1870 and again in 
1883, the former being reported in the Geological Magazine, vol. 
ix, 1872, and the latter in Science, vol. ii, Dec. 7, 1888. Dis- 
tances, however, were much overestimated in these reports, and 
appear to be more reliably given by Nansen in his chapter de- 
scribing the explorations of the inland ice previous to his own 
memorable crossing of Greenland. 

Nordenski(Ud's journey in July, 1870, to the east from the 
head of Aulatsivik fjord, near lat. 08*^ 20', is estimated to have 
extended about 35 miles upon the ice-sheet, and the altitude 
reached was 2,200 feet. Large streams on the ice-surface were 
encountered, *' which could not be crossed without a bridge.' 
Beyond the point of turning back, "the inland ice continued 
constantly to rise towards the interior, so that the horizon towards 
the east, north, and south, was terminated by an ice-border 
almost as smooth as that of the ocean." A fine, gra}' powder, 
called * * crj'oconite, " which was believed by XordenskitUd to be 
cosmic dust, was found on the ice; but analyses indicate that 
this is dust blown from the mountains of the coast, and it 
does not occur in noticeable amount, according to Nansen, on the 
eastern portion of the ice-sheet where his ascent was made upon 
ice bordered b}' only little bare land. 

From nearly the same starting point, NordenskiOld in July, 
1883, went onto the ice-sheet about 73 miles, to a height of about 
4,950 feet; and two Lapps, travelling with the peculiar snowshoes 
called "ski," advanced a probable distance of 45 or 50 miles 
farther, where the barometers indicated a height of 6, 386 feet. 
Land in the interior, free of ice and bearing vegetation, which 
NordenskiOld hoped to reach, was not found; and no nunatak, or 
projecting top of hill or mountain, alx)ve the ice-surface has been 
yet discovered more than forty or fifty miles inside the ice-cov- 
ered area. 

Robert E. Peary, in June and July, 1886, accompanied by 
Christian Maigaard, made the next important exploration of the 
inland ice, going east from the head of Pakitsok fjord on the 
northeast part of Disco bay, in lat. 69° 30'. These explorers 
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advanced to a distance of about 100 miles from the edge of the 
ice, attaining an altitude of about 7,500 feet. Describing the 
first ten miles of the ice, Peary writes: — *' In detail, the surface 
was, as a rule, roughly granular in texture, affording firm, sure 
footing, interrupted here and there by crevasses, some open and 
some covered with a snow arch by patches of soft, deep snow 
in the depressions between the hummocks, and by patches of 
hard ice cut by nearly parallel furrows, as if made by a huge 
plough." The camp at the end of their advance was in a shallow 
basin of the n4vS of snow which covers all the inner portion of 
the ice-sheet, there having, to use Peary's words, * ' the consist- 
ency of fine granulated sugar as far down as I could force my 
alpenstock ( some six feet ). " 

The margin and the interior of the ice -sheet are characterized 
by Peary as follows : 

Wherever the ice projects down a valley in a long tongue or stream^ 
the edges contract and shrink away from the warmer rocks on each side, 
leaving a deep canon between, usually occupied by a glacier stream. 
* * * * Higher up, along the unbroken portions of the dam [». «?» 
enclosing mountains] where the rocks have a southern exposure or rise 
much above the ice, there is apt to be a deep canon between the ice and 
the rocks; the ice- face sometimes 60 feet high, pure, pale-green, and 
flinty. In another place the ice-face may be so striated and discolored 
as to be a precise counterpart of the rock opposite, looking as if torn 
from it by some convulsion. The bottom of the canon is almost invari- 
ably occupied by water. * * * * Still farther up, at the very crest 
of the dam, the ice lies smoothly against the rocks. 

As to the features of the interior beyond the coast-line, the surface of 
the '* ice-blink" near the margin is a succession of rounded hummocks, 
steepest and highest on their landward sides, which are sometimes pre- 
cipitous. Farther in, these hummocks merge into long flat swells, 
which in turn decrease in height towards the interior, until at last a flat, 
gently rising plain is reached, which doubtless becomes ultimately 
level. 

In concluding the narrative of this journey, after describing 
the needful outflt, Peary remarked: — "To a small party thus 
equipped, and possessed of the right mettle, the deep, dry, un- 
changing snow of the interior * * * is an imperial highway, 
over which a direct course can be taken to the east coast.'* It is 
also suggested that the unexplored northern shore lines of Green- 
land may be most readily mapped by expeditions across the high 
inland ice. 
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Two years later, in August and September, 1888, Dr. Fridtjof 
Nansen, with five companions, crossed this ice-sheet from east to 
west between lat. 64° 10' and 64<^ 45'. The width of the ice 
there is about 275 miles, extending into the ocean on the east, 
but terminating on the west about 14 miles from the head of 
Ameralik fjord and 70 miles from the outer coast line. For the 
first 15 miles in the ascent from the east, rising to the altitude of 
1,000 meters, or 3,280 feet, the average gradient was nearly 
220 feet per mile. In the next 35 miles an altitude of 2, 000 
meters, or 6, 560 feet, was reached ; and the average gradient in 
this distance, between 15 and 50 miles from the margin of the 
ice, was thus about 94 feet per mile, or a slope very slightly 
exceeding one degree. The highest part of the ice-sheet, al)out 
112 miles from the point of starting, was found to have an alti- 
tude of 2,718 meters, or about 8,920 feet. Its ascending slope, 
therefore, in the distance from 50 to 112 miles was about 38 feet 
per mile. Thence descending westward, the gradients are less 
steep, averaging about 25 feet per mile for nearly 100 miles to 
the altitude of 2,000 meters, about 63 feet per mile for the next 
52 miles of distance and 1,000 meters of descent, and about 125 
feet per mile for the lower western border of the ice. 

The narrative of this expe<lition is most admirably told by Dr. 
Nansen in two well illustrated volumes, entitled * * The First 
Crossing of Greenland. " The scientific results attained are pre- 
sented in an appendix of the second volume, from which the fol- 
lowing extracts are quoted: 

As to the superficial aspect of the inland ice, I may say, in the first 
place, that of crevasses we found a surprisingly small number in the 
course of our journey. On the east side they occurred only in the first 
seven or eight miles; on the west side we came across the first fissure at 
some twenty-five miles from the margin of the ice. In the interior 
there was no trace of them. 

Of surface rivers we found practically none. Some may be inclined 
to think that this was due to the lateness of the season, though this 
objection has little force, seeing that the middle of August, when we were 
on the east side, is not late in the season as far as regards the melting of 
the snow, and furthermore, that even if the rivers had disappeared 
themselves on the west coast, we should have seen traces of their chan- 
nels. None such did we see in the interior at all, and the first we 
observed were not more than fifteen or twenty miles distant from the 
western edge. It is possible, also, that there were minor brooks on the 
surface in the first ten miles from the eastern side. Except for these 
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small water-courses near the two coasts, I may say positively that there 
are no rivers at any time of the year on that part of the inland ice over 
which we passed. 

* * * At no great distance from the east coast the surface of dn* 
snow^ begins, on which the sun has no other effect than to form a thin 
crust of ice. The whole of the surface of the interior is precisely the 
same. * * 

Of moraine debris or erratic blocks we met with none upon the ice 
with the exception, of the last little slope when we left it for good on 
the western side, or no more than a hundred yards from the extreme 
edge. * * *' 

* * * Some of the temperatures which we experienced were far 
lower than the established meteorological laws could have led us to 
expect. * * * * The temperature on certain nights, September 12 
and 14, probably fell, according to the calculations of Professor Mohn, 
to — 45^ Cent. (—49'* Fahr.), while the mean temperature of certain days, 
September 11-16, when we were about in the middle of the country, or 
a little to the west of the highest ridge, varied from — 30** Cent, to — 34** 
Cent. (— 22*» to— 29** Fahr.). This is at least 20^ Cent. ( 36^ Fahr.) lower 
than anyone would have been justified in expecting, if he had based his 
calculations on accepted laws, taking for his data elevation above and 
distance from the sea, as well as the mean temperature of the neighbor- 
ing coasts. 

* * * In the forty days which we spent on the ice there were six- 
teen of either snow or rain. On four days only did we have rain, when 
we were weather-bound in the tent near the east coast, and on one day 
near the west coast we had hail; on the rest it was always snow, which 
in the interior took the form of fine * frost snow,' or needles of ice. This 
fell almost daily out of a half-transparent mist, through which we could 
often see the sun, together with halos and mock-suns. 

Though the ice-sheet of Greenland has formerly been more 
extended and deeper than now. as is shown by glaciation of the 
rock surface high up on the sides of the fjords, it has probably 
during several centuries been on the increase. There can be little 
doubt that the climate at present is prevailinglj' colder than dur- 
ing the prosperous period of the Norse colonies between 900 and 
500 years ago. By its increasing accumulation, therefore, we 
may account for the contrast between the Greenland ice, which 
has so little englacial and superglacial drift, even near its edge, 
and the partially drift-buried Malaspina glacier at the foot of the 
Mt. St. Elias range ( A.\i. Geologist, vol. vii, pp. 33, 141); for 
there, according to Russell, the ice has probably l)een on the 
wane during the past 500 or 1,000 years and at present is some- 
what rapidly receding. 

Neither Pearv nor Nansen is willinor to rest on laurels already 
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won. On June 6tli of this year, with five young men and his 
wife to share the perils of this expedition, Peary sailed from New 
York for Whale sound, western Greenland. After advancing to 
the Humboldt glacier and establishing a depot of supplies there, 
his plan is to return and spend the winter at Whale sound, in the 
vicinity of friendly Eskimos. In the summer of 1892, he will 
set out with sledges and dogs toward the northeast upon the 
inland ice. Portions of the supplies will be left on the route 
northward at Petermann fjord and the Sherard Osborn and Meigs 
fjords, and thence the party will push forward, as is hoped, to 
the extreme northern point of Greenland, an estimated total dis- 
tance of about 600 miles from the Humboldt glacier. Pearj- 
expects to accomplish this journey and the return within ten 
weeks, travelling fifteen to twenty miles per day; and he hopes 
to reach Whale sound again in season for passage home on some 
whaler before winter. 

Nansen's plan for an Arctic voyage of perhaps five years, 
starting early in 1892, is explained bj' himself in The Forum 
(August, 1891, pp. 693-709, with map. — followed by an unhesi- 
tatingly adverse criticism, by Gen. A. W. Greely, pp. 710-716). 
With- a crew of ten or twelve, Nansen proposes to sail through 
Bering strait and thence northwestward nearly in the course of 
the ill-fated ' * Jeannette, " until the marine current is reached by 
which drift-wood from Siberian rivers is }x)rne awav to be stranded 
in Greenland, and by which also an ice-floe, with relics of the 
Jeannette expedition upon it, was carried in three years by some 
passage across the polar ocean to the southwest coast of Green- 
land near Julianshaab. Taking this current, with the ship frozen 
in the floe-ice during winter, Nansen hopes to drift by the near 
neighborhood of the pole and southward along the east coast of 
Greenland; for the floe mentioned, l>earing articles from the 
Jeannette, is believed to have passed around Cape Farewell. Tf 
the ship should be lost, the party will encamp on the floe-ice iWlh 
their provisions and l)oats, and will expect thus to reach per- 
chance some inhabited portion of the Greenland coast. 

Both these expeditions are to l>e led })y young men, whose 
enthusiasm is heightened by their previous success in similar 
tasks; and the experience thus acquired will all l)e needed for 
these enterprises of so much greater difficult}' and danger. In 
wishing to them each '• Bon voyage! " we cannot do otherwise 



152 Tha American GmUkglHt, September, i8»i; 

than admire their splendid courage and devotion to science; bat 
at the same time we cannot fail to remember the proverb, 
'* There's many a slip 'twixt the cup and the lip/' for no other 
conditions could more suggest it than the slippery, crevassed ice- 
sheet, and pinching, crushing ice-floes of great thickness and 
piled together, driven capriciously by winds and sea currents. 



AN EPISODE IN THE PALiCOZOIC HISTORY OP 

PENNSYLVANIA. 

E. W, Clay POLE, Akron, O. 

In an article printed in The Geologist for the month of April, 
1890, the writer sketched the palseozoic history of Pennsylvania. 
The sketch was the merest outline. Superficial it could not but 
be, for our knowledge of the subject at present warrants no more 
ambitious attempt. All details were omitted, indeed few are- 
known. Whole chapters of geological history will one day be 
written on these as they gradually come to light, but at present a 
dense darkness hangs over the field allowing but a dim view of the 
most prominent features of the landscape. 

One of these details, forming a single episode in the palseozoie 
history of the Keystone State, will be the burden of this paper — 
an episode that may help us to realize the immense length of 
palaeozoic time and the complexity of palaeozoic history. 

Among the Devonian strata that are conspicuous for their ex- 
tent, thickness and fossil treasures, is the Hamilton group, so 
named by Prof. . Hall. This group, as known in western New 
York, is for the most part a mass of shales enclosing a thin bed of 
limestone — the Encrinal limestone — and capped by another thiiL 
bed — the Tully limestone. It is thus arranged : 

4. Tully limestone. 

3. Moscow shales. 

2. Encrinal limestone. 

1. Blue shale. 

This is the original and typical section of the Hamilton group. 
But from this it varies even witbia the limits of the state of New 
York. Eastwardl}^ it contains a thin bed of sandstone from which 
the excellent flagging quarried on the ISudson near Kingston, etc. , 
is taken, and still farther east in Maine and New Brunswick, the- 
shale gives place almost entirely to. sandstone. 



Palceosoic History of Peim^ylvania, — Claypole. 153 

A similar departure from the type oecars in middle Pennsyl- 
Tania. There, in Perry count}- for example, the Hamilton com* 
prises a lower shale followed by a massive sandstone on which lies 
:an upper shale closely resembling the lower in texture, material 
And general appeamnce. No limestone is present. 

The section therefore in detail is as follows : 

Hamilton upper shale 250 feet 

** sandstone 800 " 

** lower shale 450 ** 

1,500 " 
The intercalation of this enormous mass of hard sandstone in 

the Hamilton group gives it a strange aspect to one only accus- 
tomed to see it as it appears in New York. As may be inferred it 
•changes the character of the surface where it crops out from a 
gentle rolling rounded contour to one, rough, wild and wooded 
and generally incapable of cultivation. 

This sandstone prevails over several counties but reaches its 
maximum thickness in Perry Co. , where it is thus described in the 
writer's report (Fg of the Geological Survej' of Pennsylvania). 

**The Hamilton sandstone is one of the most i^markable formations 
•of Perry county. Lying In the midst of a vast mass of shale it has the 
appearance of being out of place to the geologist accustomed to look on 
the Hamilton as essentially a soft group. 

**It forms numerous mountains in the county, Turkey ridge, Buffalo 
Tidge, Mahanoy ridge, Dick's hlil with its continuation, Bock hill, also 
Pisgah hill and Little mountain are all formed by outcrops of this sand- 
stone. Some of these are high, rough and untillable ; others are com- 
paratively smooth and accessible. This difference is due to two causes 
— the hardness and the dip of the sandstone. The proportion of sand 
also rapidly diminishes to the north and west especially In the middle 
-of the bed, diminishing the steepness and roughness of the ridges. 

*'At its southeastern exposure near Marysville this sandstone attains its 
greatest thickness and hardness — a thickness amounting to 800 feet. 
From this point it gradually thins away, the upper and lower beds per- 
sisting farthest and the intermediate shHle becoming constantly thicker 
until at length It becomes two distinct sandstones with an intervening 
bed of softer material. This change may be detected in Perry county. 
At Montebello Narrows the Little Juniata has cut its way through the 
lower beds and has then flowed for nearly half a mile parallel to the 
ridge and between the two sandstones, at length crossing the upper and 
thus producing a zigzag channel. But outside the limits of the county 
the change becomes more manifest. At and near Huntingdon the two 
sand layers may be distinctly traced only a few yards thick, the upper 
being the heavier. The great mass of the bed has become shaly. This 
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Is only 60 miles from its point of greatest development on the Susqae- 
hana. 

*'The Hamilton sandstone is therefore a mass of coarse siliceous mate- 
rial intercalated near the middle of the group and spreading fanwise as 
from a center near Marysville, dying away and at length disappearing 
as it receded from the point." (p. 57.) 

This will give a general description of the structure and mass of 

the Hamilton sandstone. The following is from Prof. I. C. White's 

report of Huntingdon county, and shows how the stratum occurs 

there. T, p. 105. 

Hamilton upper shale 250 feet 

** upper sandstone 30 " 

middle shale 225 '* 

** lower sandstone (hard) 50 " 

** lower shale 75 " 

Thus we see that the massive Hamilton sandstone of Perry Co. , 
800 feet in thickness, has in Huntingdon Co. dwindled down to 
two comparatively insignificant sheets of 50 and 75 feet thick re- 
spectively and separated by 225 feet of shale. 

The same type of structure is shown in Northumberland and ad- 
joining counties as we find from Prof, ^^hite's report (G, p. 77, 
etc.) He says in speaking of the country east of the eastern 
branch of the Susquehaua : 

'*The type of the Hamilton scries is remarkably similar to the cor- 
responding beds in western New York both in lithology and in the ac- 
companying fossils." 

Again he writes : '*The middle type of the Hamilton comes in after 
passing south from the Northumberland synclinal and may be found on 
both sides of the Selinsgrove arch which crosses the river about five 
miles below Sunbury. The section on the south side of that axis exhibits 
a structure for the Hamilton quite different from that shown in Columbia 
county." 

Olive-brown shales 4.50 feet 

Selinsgrove upper sandstone 202 ** 

Dark olive shales 125 " 

Selinsgrove lower sandstone 5 '* 

Brown and dark shales 800 ** 

Again Prof. White writes : '*The southern type of the Hamilton beds> 
is reached after passing south of the Georgetown axis near the southern 
border of Northumberland there being a progressive coarsening of the 
series in that direction from the locality of the last section near Selins- 
grove." 

Selinsgrove upper sandstone 100 feet 

Olive-brown shales 300 »* 

Selinsgrove lower sandstone 50 ** 
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Prof. White adds : " The Selinsgrove upper sandstone Is one of those 
intercalated beds which here makes its appearance in the middle of the 
Hamilton group and is so thick and massive as to change entirely the 
character of the topography, for instead of a wide level valley as in 
the north, it is now found making a high ridge along the strike of this 
sandstone. There is not an inch of this sandstone represented in the 
bed on Fishing creek. (Fishing creek drains nearly all of Columbia 
Co. north of the Susquehana and is therefore to the northeast of North- 
umberland Co.)" 

Again we find in Mr. Piatt's report on Blair Co. the following 
evidence. (Tg p. 31) : 

** In Blair Co. the whole of the Hamilton formation is composed of 
dark shale with calcareous layers." 

And further Prof. Lesley adds a note in the report of Rye 
township (Fj p. 310) to this effect : 

*'The outcrop of the Hamilton sandstone crosses the Susquehanna 
river eastward from Perry Co., and runs through Dauphin, Lebanon and 
Schuylkill counties," that is northeastward. 

It thus appears that the Hamilton sandstone gradually thins 
away from a point near or on the south line of Perry Co. , to the 
northeast, north and northwest, in which directions alone it can be 
traced. In thus thinning out it splits and becomes a lower and 
an upper sheet of which the latter is the more persistent, extending 
even into Northumberland, while both underlie much of Hunting- 
don Co. Its color is usually gray or whitish, seldom yellow and 
never red, and it is usually not very hard. It is not conglomeratic. 

At the south line of Perry Co. it stands vertical and is even 
somewhat overthrown as may be seen upon the Susquehanna a few 
miles north of Harrisburg. When this is the case it forms \exy 
ix>ugh and almost mountain territory. Its southernmost outcrop 
is known as Little mountain and is cut by the Pennsylvania Rail- 
way near the bridge across the Susquehanna at Rockville. 

How much farther it may hare extended to the southeast is of 
course unknown. The contortion and erosion which the country 
has suffered since its deposition have utterly destroyed all trace of 
it Moreover along the line of its last southern outcrop in Little 
mountain lies apparently the edge of a great overthrust plain which 
has brought the Onondaga red shale against the Hamilton sand- 
stone, cutting out, that is covering up, the intervening strata 
though a thousand feet in thickness. These only reappear to the 
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eastward near the Labanon Co. line after a concealment of 20 miles. 

So large a semilenticular mass of sandstone intercalated in a 
group of soft strata must have had some local cause and in seeking 
this we may be aided by recalling the geography of Pennsylvania 
at the time under consideration. 

In the early Devonian era the interior states, generally speaking, 
consisted of an open ocean extending from the Atlantic land on 
the east in what is now eastern Pennsylvania to an unknown dis- 
tance westward and limited to the northward by the Archaean High- 
lands of Canada. In this palaeozoic ocean a gentle elevation was 
taking place along a line from northeast to southwest through 
Ohio, whereb}' what is now known as the Cincinnati ridge or arch 
was brought into existence. Ultimately, and probably before the 
Devonian era closed, this ridge partly severed the eastern portion 
of this ocean from the rest and formed the Appalachian strait or 
gulf. The continued subsidence of this strait or gulf allowed the 
deposition in it of sediment from the adjoining land on the east 
but the nature of the sediment on the area now in question would 
indicate by its fineness, being mostly sandy shale, that the land 
was not very near, or if near not very high. The latter is more 
probable. Such deposits do not indicate shallow water or strong 
currents. The actual margin of the Appalachian gulf or strait 
has apparently been de8tro3*ed by the corrugation and erosion that 
have ensued, so that the present Hamilton deposits are those which 
were deposited off shore, but neither in deep water nor on the 
border of the land. 

B\it so great and sudden a change in the nature of the strata 
implies some great and coi*responding change in the physical 
geography and especially in the attitude of the land — a change 
that would allow the Hamilton sea to assort and arrange coarse 
sand where it had previously deposited only fine shale. 

The arrangement of this sand appears to indicate a center of 
distribution from which it was spread over the whole area that it 
now occupies and it seems a not improbable supposition that this 
centre was the mouth of some lai^e river which bore into the Ap- 
palachian sea its tribute of sand and mud. The former was as- 
sorted and distributed over the region around the river-mouth, and 
the latter carried out to a greater distance where it ultimately be- 
came a bed of shale. That the ancient Atlantic land was drained 
by a system of streams goes without saying, and it may be that 
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ire here catch a glimpse of one of them, or at least of the place 
where it entered the sea. 

In making this supposition to explain the occurrence of the 
Hamilton sandstone, it is not at all necessary to assume that this 
ancient river came into existence at that epoch and then passed 
out of being. Far from it The river may have existed ages be- 
fore that day and may have continued to flow long after the Ham- 
ilton era passed away. All that is necessary is to suppose an ac- 
cession to its carrying power. And this is not difficult. The 
palaeozoic geology of the eastern states indicates beyond all doubt 
constant and great oscillation of the land and the seabed. Inter- 
mittent depression to immense extent caused the accumulation of 
the massive sediment of that era. Such accumulation likewise in- 
directly proves elevation of the land, for had not this taken place 
the whole area must have been eroded and removed. It is less 
eas}' to detect elevation of the land than depression of the sea 
bottom, because the former leaves no direct evidence of its occur- 
rence. But if the Hamilton sandstone is in truth the monument 
of some old and extinct river, it records a time when through ele- 
vation of the coast the eroding and carrying power of that river 
were largely increased so as to form the Hamilton- lower sand- 
stone. Next it indicates a time when probably by the work of 
the river, but possibly by ensuing subsidence, the current was 
again slowed down and the sand dropped near shore, its quantit}* 
being also diminished. Thirdly, it reveals another sharpening of 
the stream by a second elevation whereb}^ it was enabled to erode 
from the land and scatter over the ocean bed the Hamilton upper 
sandstone thicker than the lower. Lastly, the action of the river 
destroyed its own velocity b}' eroding its channel or a second sub- 
sidence ensue(} with the same eflfect. 

All these episodes are to be read with great probability in the 
Hamilton sandstone, and if our argument is well founded we gain 
a peep at one of the changes of which the palaeozoic era was made 
up. 

PossibI}' though this is little more than a supposition ; the ab- 
sence of lime from the Devonian formation through this part of 
Pennsylvania may be an indication in the same direction. The 
beds show a preponderance of the earth}" and mechanical over the 
chemical deposits such as is usual near the mouth of a river where 
the wash from the land predominates over all other materials. 



(4 
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The fauna of the Hamilton in middle Pennsylvania contains the 

following species : 

Brachlopoda. 

Spirifera ziczac Hall. Strophodonta perplana Con. 

mucronata Hall. Strophomena rhomboidalis Wahl. 

medlalis Hall. Orthis penelope Hall, 

acuminata Hall. Chonetes setigerus Hall, 

granulifera Hall. *^ coronatus Con. 

Rhynchonella horsfordi Hall. Tropidoleptus carinatus Hall. 

*' congregata Conrad. A try pa reticularis L. 

Renssehcria sp. 
Ptcropoda, 
Tentaculites attenuatus Hall. 

LamelUbni ric^iiaUi . 
Glyptodesma rectum Con. Actinodesma subrectum Whit. 

Aviculopecten princeps Con. 

Oa8teroi}od4i, 
Loxonema delphicola Hall. 

EchinodcmuiUi. 
Ancyrocrinus bulbosus Hall. 

Cephdlopodu. 
Nautilus liratus Hall. 

Ci'tisUicea, 
Phacops rana Green. Homalonotus delphinocephalus Green. 

VertebniUt. 
Coccosteus ? 

Most of these fossils are forms which would be naturally looked 
for by the palaeontologist in a middle Devonian formation. They 
characterize the Hamilton group of Pennsylvania and adjoining 
states. But there are one or two on the list which are less famil- 
iar on this horizon and require a moment's notice. 

Rensselceria is one of those genera whose existence, even in- 
cluding its allied forms, Amphigenia and Newberria, is, so far as 
yet Jvnown, confined between the limits of the Lower Helderberg 
below and the Comiferous limestone above. Rensselceria was es- 
tablished in 1859 by Prof. Hall to receive a number of peculiar 
shells of the type of R. ovoides. In 1867 one of these was re- 
moved by the author of the genus and made the type of the new 
genus Amphigenia. The range of these was as follows : 

Corniferous limestone Amphigenia elongata. 

Renssclseria Johanni. 
Schoharie grit Amphigenia elongata. 

Oriskany sandstone Amphigenia curta. 

Rcnsselseria condoni. 
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R. oumberlandiae. 
R. intermedia. 
R. marylandica. 
R. oval is. 
R. ovoides. 
R. suessana. 
Lower Helderberg R. sequlradlata. 

R. elliptica. 
R. laQvis Hall. 
R. mutabilis. 
R. portlandlca. 

Prof. Hall has recently taken his R. johanni fix>m its old posi- 
tion and has made it the type of a new genus Newherria^ charac- 
terized by the slightness or absence of external radial striation of 
the two strong dental plates, and the thick hinge plate and inter- 
nal loop of Rensgelceria. To this new genus is also referred the 
R. IcevU of Meek which is reported by Whiteaves from several 
places in the Mackenzie River district. * 

When the writer, at the meeting of the Am. Ass. for the Adv. 
of Science at Minneapolis, in 1883, announced his discovery of 
these fossils in the Hamilton sandstone, he spoke of the difficulty 
which he had felt in separating them from some of Prof. Hall's 
species, such as R. marylandica and K johanni. He was not 
willing in this state of uncertainty to coin a new name and left the 
matter in doubt. These fossils are now in the hands of Prof. 
Hall for description and the difficulty will doubtless be cleared up. 
It may ver}* probably prove that they will also belong to the new 
genus Newberria from their close resemblance to R johanni. 
Whether this should prove to be the case or not, they will at any 
rate carry this type of shell up from the Corniferous limestone to 
the middle of the Hamilton. 

The last name on the list also calls for a short notice. It is a 
cast of the dorso-median plate of Coccosteus or some nearl}' allied 
placoderm, but its exact relationship has not 3'et been determined. 
Its occurrence in these beds is interesting because, so far as I am 
aware, no fish fossil has yet been described from the Hamilton 
group in Pennsylvania, though a scanty fish fauna has come to 
light from the rocks of similar age in adjoining states. At some 
future time more details may be given regarding this solitary 
specimen. 

♦See Contributions to Canadian Palaeontology, Vol. I, pt. 3. 
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NEOLITHIC MAN IN NICARAGUA. 

Bt J. Crawford, Managua, Nicaragua. 

Numerous evidences of panic and fright among men and 
domestic animals in Nicaragua, in one of the past geological 
epochs, are deeply impressed on stratified rocks many feet l:)elow 
the earth*s surface, under the city of Managua, extending south 
and southeastward from lake Managua to a distance of over one 
mile, possibly further, as far as has been examined, in the direc- 
tion of the extinct volcano Masa^'a ( 1 ), ten miles distant. The 
footprints indicate haste, confusion and excitement, and are im- 
pressed from 1^ to 2 inches deep in the stratum, the toes of the 
feet in every footprint made the deepest mark and pushed the 
mud back toward the heel, as usual from running in shallow mud ; 
all are pointed, many directly, others obliquely, toward lake 
Managua, as if to seek shelter in its waters from a storm of burn- 
ing hot volcanic ashes and cinders, or some equallj* dangerous 
occurrence. A few roughly polished arrow heads and barbed 
harpoons, but no skeletons nor bones have been found in that 
nor in any of the superimposed strata(2). 

A short topographic and stratigraphic description of the local- 
ity will enable a comparison to be made with similar conditions of 

(1) This volcanic classification of ** extinct '* is not based on any theory 
about the interior constitution of the earth, but, on such facts of my 
own observation as, when in my examinations I foand that I mast adopt 
some classification. The plane of iavariable annual ( also daily) temper- 
ature beneath the earth's surface on and near to this large mass of vol- 
canic materials is isogeothermal with planes of similar situations and 
altitude in that country; on inactive but not extinct volcanic masses no 
isogeothermal plane can be found, or, it is too irregular and indefinite 
for determination. The selection of homes and hiding places by wild 
animals and birds on extinct but never, so far as I have observed in 
this and in South American volcanic countries, on inactive hot top nor 
on active volcanoes. 

( 2 ) Since this paper was written, Nov. 1890, there has been found 
( Feb'y 10, 1891 ), the du»i and »mall dittentegratiug purtn of sererfil rrfini- 
vm bonett and three or four teeth of Home human being, in an urn of oblate 
oval form made of volcanic, iron-colored clays and sand and burned. 
The dimensions of the urn are: depth 68 c. m., greatest diameter 68 c. 
m., diameter across opening at one end 43 c. m., thickness in walls ^4 to 
% of an inch. This was discovered in a quarrj' in southern part of the 
city of Managua, about 15 feet below the earth's surface and resting on 
a stratum composed of volcanic ejecta hardened sufl)cientlv to be 
quarried and used in the construction or all kinds of walls for resi- 
dences and public buildings in the city of Managua; about sixteen feet 
beneath the urn, four hard conglomerate strata intervening, is the 
stratum on which human footprints were found in large numbers. The 
bones and urn were purchased by the consul for Austria, and will be 
sent to the museum in Vienna, Austria. 
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surface and strata in other countries, whose geology is better 
known, in order to determine the epoch when these people lived, 
and possibly to decide on the cause of their flight. 

For a few feet south from the water margin of the lake, the 
formation is a coarse sandy beach, then an abrupt cliff 8 to 12 
feet high above the surface of the water, thence south and south- 
eastwiurd for more than a mile, the surface ascends to about 180 
feet above the level of the water in the lake, then commences a 
series of volcanic montecules, cones, craters, and cerros, some- 
what degraded by erosion, extending 25 to thirty miles eastward 
to lake Nicaragua. 

The stratum bearing impressions of human feet is near lake 
Managua, about fourteen feet beneath the surface of the soil, and 
on a level with the high water mark. It is not much inclined but 
nearly horizontal with the present surface of the earth as it 
ascends south and east from the lake. 

The mineralogical composition of the strata from at least 
twenty feet below the stratum retaining footprints of man and 
other niamnuih, up to the surface of the soil is about the same. 
The larger proportion of more acid minerals are near the soil, the 
general composition of all are rhyolite, trachyte, lipardite, phono- 
lite, pumice, basalt, dolerite,audesite and black, also light colored, 
scoriffi, all in partides (large grains or small fragments) and 
bodies, mixed by water with volcanic ashes ( and ores of iron ) 
into a conglomerate whose contained grains and fragments are 
weakly cemented by the ashes and oxides into strata varying 
from six inches to four feet thick and consolidated to a hardness 
when in place, of from 2 to 2^ ( excepting the upper stratum 
which has not yet hardened sufficiently to be separable, from 
top to bottom, into blocks ), containing four or more cubic feet ; 
exposed to a dry atmosphere these rocks soon harden to 3.25 to 
4. Each stratum is separated from the one above it and, also 
the one below it, by a fine grained, lootte sand, colored light brown 
by iron oxides and varying in thickness from 2^ to 4 inches. 

Stratigraphically, the deposits, from at least ten feet below the 
stratum impressed by human feet, up to the surface of the earth, 

are: 

( a ) Superficial, 4 to 10 feet thick uncompacted or partly hardened 
ejecta conglomerate (8 ) containing numerous patches or small areas of 

(8^ Ejecta conglomerate in distinction from fn««ed volcanic conglomerates and 
"shingle"' and from "conglomerate"* as defined by Lyell, Dana, Lo Conte, Prentwich 
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small fragmeDts of pumice, also of colored clays and sands which when 
mixed with lime (CaO,H, ) is used as a hydraulic cement which de- 
velopes nearly as much tensile, toroslle and adhesive strength as Roman 
cement; this is an acid conglomerate of grains and small fragments of 
volcanic materials the majority of which represent the early and middle 
part of the ashes-and-cinder-eruption in some period of explosive 
volcanic activity. 

( b ) A stratum of fine sand, 4 to \% inches thick, loose, uncompacted, 
slightly colored, light orange brown by hydrous oxides of iron. 

( c ) A stratum 2 to 2^ hard, of ejecta conglomerate, 4 to 4^ feet 
thick, coarse grains and small fragments well mixed, of a dark grey 
color spotted with hard black fragments of metamorphosed hornblende. 

( d ) A stratum of fine sand, uncompacted, resembling ( b ) in color, 
2}^ to 3 inches thick. 

( e ) A stratum of the same composition, hardness and color as ( c ) 
above described, 2^ to 8 feet thick. 

( f ) A stratum of fine, loose sand, 2 to 8 inches thick of a light orange 
color. 

( g ) A stratum 2 to V^ feet thick of the same composition and color 
as ( c ) and ( e ) above described but harder, nearly 8 hard. 

( h ) A stratum of fine, uncompacted sand, \% to 2 inches thick, light, 
reddish brown color. 

( i ) A stratum composed of ther same kind of materials and of the 
same color as ( c ) and ( e ), and about as hard as ( g ) above described, 
bearing intaglioes in the upper surface of numerous deep impressions of 
the feet of man and domestic animals, also containing, sunken until nearly 
covered, in its surface a few roughly polished stone implements, arrow 
heads, etc. 

( j ) A stratum of fine sand, uncompacted, the interspaces filled with 
water two and a half to three inches thick (4); it is colored light reddish 
brown by iron oxides, and has changed position and associates more 
than ouce since the Miocene period of the Cenozoic era. 

( k ) A deposit, below the usual level of the water in lake Managua, 
more than ten feet thick, of unknown thickness ( I excavated only about 
ten feet, into this stratum when the water came in so rapidly as to cause 
work to cease), but, probably it is several hundred feet thick, itnc<nn- 
IMcted materials of the same composition as the harder strata above 
it; the water appears to have prevented the hardening of this deposit of 
volcanic ejecta conglomerate. 

The diflferent strata of sand in the above described, were de- 
posits from the ordinary currents of water after the usual rains ; 

and other atithoritiei*, in beins compooed of grainf», particlen and frag^ments of rockn of 
irrepilar (thapeH, and pieceH of minerals from the size of a MM. diameter to diameters 
of i»everal CM., all ejected from volcanoed, and nome particlen noftened afterward by 
meteoric iniliienceH, then transported from the ^ideii of volcanic masnen and the valleys 
))etween them, as floodn of mud and deposited Htratigraphically. 

( 4 ) Thie Htratum haf, strangely, been mistaken for ** Miocene-period Hand," and 8o 
publinhetl in Europe: it floured prominently in an article publinheci in the Proceedlnsr;* 
of the Victoria Inntitute, London, 1KH7, declarln^i: the exintence of man, thei*e footprint^*, 
in NicarauKun in the Miocene period. See Proc. Victoria Inntitute IHHo or 1HK7. 
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they are too thoroughly sorted or separated according to their 
densities to be ashes immediately from volcanoes falling on the 
hardening stratum of rock. 

The strata of hardened volcanic conglomerate ejecta were de- 
posited, each stratum most probably from large deep floods of 
mud brought down in continuous flow during one season, b}' tor- 
rents after long continued heavy rains, from the adjacent monte- 
cules, cones and cerros of materials erupted from volcanoes. 
The superficial deposit ( four to twelve feet deep, uncompacted ) 
was formed by several small floods of mud, occuring at intervals 
of several years. That these floods of mud occurred and that 
they were so thick in this locality is confirmed by vivid descrip- 
tions by some of the most eminent, educated and reliable citizens 
in Nicaragua who describe a similar occurrence on Octol)er 4, 
1876. In this locality the city of Managua, the local name of 
these torrential floods of mud is '^ aluvions de barro; " this alu- 
vion de barro filled the open houses, streets and plazas near the 
lake five and one-half feet deep with thick mushy mud composed 
of materials similar to those that are formed into hard conglom- 
erate, hereinbefore described. Much of the slowl}' moving mud 
which remained in the city was washed into the lake by subse- 
quent rains, but large masses were left in protected places, which 
have dried and hardened into isolated areas about twenty-four 
inches thick. Some of its upper surface, probably was washed 
away by rains because when these isolated parts, now hard and 
24 inches thick, were prevented from flowing further, they weiv 
fully five and one-half feet deep, slowly flowing masses of thick 
mud. Several large boulders, some of them fully twelve tons in 
weight, were moved from depressions or concavities on the 
mountain's side, about one mile to the south of the citv, where 
they had hardened. They were not hard enough to have l)een 
rolled even for 100 yards without breaking into fragments, but 
were deposited in the streets of Managua. A canal that once 
extended for two miles frpm east to west, and was forty feet wide 
and ten feet deep, was filled up by the mud flood, October 4, 
1876, and is now one of the principal thoroughfares for ti-aflic. 
At this date natural forces were acting on a grand scale, in this 
locality, changiflg the position of large quantities of material, 
3'et the forces were small in comparison with that enormous flood 
of mud, which transported from the adjacent monticules and 
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cones sufficient loose fragmentary material ( which had, long pre- 
viously probably, been erupted from volcanoes ) to their present 
position, where dry and hard the stratum ( c ) is now four and 
one- half feet thick. 

The people whose footprints are found so numerous on stratum 
.{ i ) must have removed from that locality before the occurrence 
of the ^< aluvion de barro'' which formed the now hard stratum 
( g ), because that flood of mud must have been over fifteen feet 
deep. 

These strata dried slowly in a moist atmosphere ; they are not 
fissured, consequently they did not dry rapidly ; they show no in- 
dications of having been schisted, nor have any cracks afterwards 
been filled up by washed materials. 

The time when men, dogs and horses* fled to Managua to shel- 
ter themselves from the highly heated cinders and ashes ejected 
from volcano Masaya, was most probably very long ago. 

We may go back, in time, toward that epoch guided by such 
facts as the following. From intelligent and reliable witnesses 
we learn that volcano Masaya, about ten miles eastward from the 
city of Managua and on the west side of the city of Masaya, 
commenced on the 10th of November, 1858, emiting ( from a 
fissure in its side about four hundred feet below the rim of its crater 
containing a lake of water ) aqueous vapors, sulphurous acid gas, 
chlorine gas, carbon dioxide, etc. This continued for about ten 
dayst then ceased, and, although a part of that fissure still exists, 
gapping and ugly, yet the entire volcanic mass is now so cool 
that its sides and the outer and inner edges of its crater are cov- 
ered with small green trees and flowering plants, accompanied by 
many birds ( 5 ) which appear to consider that volcano extinct. 

From history we learn that on the 10th of March, 1762, a 
fissure opened in the side of this volcano Masaya al)out three hun- 
dred feet below the rim of the crater, and poured out lava, at 
intervals, for several days, which covered an area about one- half 



*No impression of the side toes of horses have been found in this 
stratum ( i ), in the two or three inch deep impressions of horses* feet. 

fThe statements are various. 

(5) I here noticed in the volcanic part of Nicaragua and in other 
countries, that birds seldom or never visit volcanoes that have hot tops 
and have no isogeotliermal plane corresponding with the surrounding 
country; birds and wild animals appear to have an instinctive knowl- 
edge of the natural causes, dynamic and kinetic, at work in tbe 
mysterous depths of the earth. 
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mile wide, near the fissure, and widening gradually, for an extent 
of three or four miles into a forest of large exogenous trees, leav- 
ing over its course a mass of scoriae, obsidian, vesicular lava 
and stones, which now look as if fresh and hut. Many trees 
along the edge of this flow of lava were carbonized, and parts of 
them are yet standing. The ashes and cinders then sent out 
with explosive force through the fissure, have been washed away 
down into the lakes. The volcanic activity created no great dis- 
turbance in the present city of Masaya, situated on the side of 
the volcanic mountain, opposite to the fissure, and the ashes 
reached to the city of Managua ten miles distant, only by occasional 
gusts of wind, not of sufl3cient quantity or temperature to 
cause any other unpleasantness than great apprehension of 
danger. 

Anterior to this activity in 1762 we have no reliable human 
record of any other outburst from this volcano, and physical evi- 
dences indicate that it had been quiet for very many centuries, 
possibly for one or more geological epochs. 

In comparing these facts in reference to the eruptions with 
other volcanoes the history of which is better known, but which 
have far more deeply eroded sides, of which facts are obtained, 
we find, that the materials forming, in considerably large part, 
the montecules, cones and sides of Etna, are easily loosened by 
rains and can be washed down in large quantities by torrents as 
at volcano Masaya; also that each, in its own locality, has sea- 
sons of heavy rains ; but the lava which poured from Etna four 
hundred years B. C. , and stopped the Carthagenian army in its 
march against Syracuse, is now, much of it, exposed on the 
earth's surface where it flowed and is not covered by sedimentary 
materials, washed down, from Etna's side, nor covered by floods of 
mud. Yet, in less than ten miles from volcano Masava, the 
stratification near lake Managua of materials ejected from vol- 
canoes and washed down and deposited, is hard and more than 
twelve feet thick at its least depth, above the hard stratum 
deeply impressed by human footprints, and these impressions of 
feet were made when the surface of that stratum was only partly 
hardened or in a stiflf, muddy condition. Any estimate in years of 
thetime necessary toform and then to harden an ejecta conglomerate 
so slowly as not to fissure, such as each of these strata near lake 
Managua, and the time intervening between the drying and 
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hardening of one stratum before commencing the deposi- 
tion of another, would be solely speculative. I have not sufficient 
data from m}* own or others' observations of volcanoes as to the 
average quantity of matter annually washed down from their 
sides, either by ordinarj' rains or during seasons of extraordi- 
nary floods, to make from the annual erosion an estimate of time 
necessary to form such deposits as the conglomerate strata 
beneath the city of Managua and extending toward the extinct 
volcano Masaya. 

There certainly has been an epoch of great elevation and glaci- 
ation in part of Nicaragua, and a subsequent epoch of sulwidence 
in all, and much ice melting and torrential floods in parts. There 
are many evidences here of the occurrence of the Glacial, Cham- 
plain and Terrace epochs. Probably 'this stratum containing 
human footprints, and the superimposed strata, were depositecl 
during the later elevation and depression of the Champlain epoch 
and early part of the Terrace epoch; if so, then there is in Nicar- 
agua evidence of men in large numbers and congregated in large 
towns or cities of thirty thousand or more, during the later Cham- 
plain or early Terrace epoch. And, if we accept M. Forets 
calculations in reference to the time occupied in silting parts of lake 
Geneva by the river Rhone in an effort to get at the date of the 
conclusion of the glacial period there, as a basis for the hardening 
of the stratum underneath the city of Managua, we can probably 
say more than fifty thousand years ago. 

Managua, Xicaragua. Xnv. 10, 1890. 



THE POST-ARCHiCAN AGE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.* 

A REPLY TO A REVIEW t 

FiiAXK L. Nason, .lefferHoii City, Mci. 

In the review of the above paper the writer feels that Prof. 
Dana has laid undue stress upon some of the evidence adduced in 
support of his views and not enough on other. 

Tt does not seem to l>e logical to assume, because a limestone 
contains chondrodite. magnetite and the oxides and silicates of 
zinc, together with intruded granite, that no amount of evidence 

♦Ann. Rep. State Geologist of N. J., 1890. 

tNotice of Ann. Rep. State Geologist of N. J., 1890, July Number of Am. 
Jour. ScL, 1891;.!. D. D. 
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will prove these limestones to be a locally metamorphosed fossilifer- 
ous limestone. 

In other words, if positive and direct evidence can be found 
showing a transition from blue to white limestone, the fact that 
the white limestone has the above concomitants does not militate 
against the proposition in the least. The problem simply assumes 
another and a totally different phase. Instead of a question of 
geological age it becomes a study in metamorphism. 

In the following paper the writer wishes to present, as con- 
cisely as possible, the evidence which led him to the conclusion 
that the white limestone of Sussex county is but the metamor- 
phosed form of the fossiliferous blue limestone. 

Tl\e evidence can be summed up under these heads: 

1st. The topographic features of the two rocks. 

This will include, (a) the nature of the dips and the foldings of 
the rocks ; (b) the axes of special disturbance. 

2d. The associated rocks. 

This will include, (a) the accompanying bedded rocks, (b) the 
eruptive rocks. 

3d. The transition of one limestone into the other. 

This will include, (a) breccias in the white limestone, (b) breccias 
in the blue limestone, (c) graphite and fossils, (d) the actual trac- 
ing across the strike and along the strike from white to blue, this 
occurring in long lines, (e) occurs in many localities, (f) the 
breccias form the boundarv lines. 

ft/ 

1. Topographical features. 

The white and the blue limestones are intimately associated 
with each other. Large areas of white limestone are never widely 
separated from the blue, and not a single outcrop of white lime- 
stone is known by the writer wholly independent of the blue. 

(a.) In former reports and papers on this subject, the dis- 
tinctive feature of the white with respect to the blue, has been 
**the universal southeast dip" and the northwest dip of the blue. 
Neither of these statements is in accordance with facts. It is us- 
ually difficult to observe the dip of the white limestone on account 
of the extreme metamorphism. Yet the fact that the white lime- 
stones do dip northwest is plainly to be obsen^ed. It frequenth' 
happens that one end of the slope of a hill is white limestone and 
the opposite end of the slope of the hill is blue. But whatever 
the direction of the dip, they both dip in the same direction. The 
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argument from southeast dip is farther shown to be worthless 
from the fact that the white limestones are proved anticlines in 
structure as well as the blue. 

(b. ) The white limestones occupy axes of great disturbance as 
denoted by the intrusion of eruptive rocks ; by excessive shatter- 
ing ; by sudden and great disturbance of dip and strike. 

The force of this point will be more strongly felt if one ob- 
serves the isolated patches of white limestone between Franklin 
Furnace and Andover. Here the blue limestones lie against the 
gneiss with numerous outcrops of sandstone. When there is an 
area of white limestone, it is not far removed from the blue, but 
it is accompanied by great masses of granite and other eruptives 
and the sandstones are usually graphitic. 

2. The associated rocks. 

(a.) One of the strong ties which bind the two limestones to- 
gether is the sandstone. This sandstone is found so abundantly 
and at such critical points as to form an evidence quite as strong 
as the actual passage of the blue into the white limestone. 

These sandstones, in many places, form the axis of hills which 
are anticlinal in structure and which have one end of a flank blue 
limestone, and the other end white. These sandstones lie under 
the blue limestones and can be traced till they disappear under 
the white limestone. 

These sandstones are graphitic when near either a white lime- 
stone or near a granite dike accompanied or unaccompanied by 
white limestone. 

Prof. Dana is perfectly right when he says, **evidence drawn 
from graphite is of uncertain value," but that is a general state- 
ment. In the case at hand the writer believes that the conditions 
under which the graphite occurs make its testimony not only 
strongly corroborative, but direct and positive. 

The presence of graphite in the blue limestone will be mentioned 
under 3. (b.) The white limestones, as already stated, are 
characterized by eruptive rocks. The most characteristic of 
these is the granite. There is hardly an area of white lime- 
stone which is not accompanied by granite; even where gran- 
ite is not visible on the surface the white limestone is filled with 
intrusive sheets of it. This is proved by the drill borings, 1,100- 
feet deep at Franklin Furnace. There were eight holes in all, 
and each had successive layers of granite. 
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The blue limestones are almost wholly free from eruptives and 
granite is never present. Taking these facts in connection with 
the disturbed areas as shown by the topography, the presence of 
granite in the white limestone and its absence from the blue is as 
easily accounted for as the fact that the white limestone occupies 
areas of great disturbance, while the blue area is comparatively 
undisturbed. 

3. The transition of the blue limestone into the white. 

The writer regards this gradation as absolute proof of the 
svnchronous horizon of these two limestones and that this fact 
alone is sufficient to establish the point at issue even were there 
no other confirmatory facts. 

That this gradation or transition actually exists no one will 
doubt if once he visits the localities in question, (a) Breccias in 
the white limestone are not always readily observable, but localities 
are found where great masses of limestone are made up entirely 
of angular fragments. The interstitial matter is coarsely crystal- 
line with scales of graphite. The angular fragments are bleached 
and some have a distinctly crystalline structure with scales of 
graphite and cloudy aggregations of the same mineral. In some, 
the angular outline of the original fragment is plainly observable, 
but near the center the crvstalline structure is lost and the core is 
a rounded, comparatively unchanged mass. W''ere it not for the 
abundance and variety of these breccias one might regard them as 
a kind of concretion. 

(b.) The breccias in the blue limestones, like those in the white, 
are found near the boundary line, or are, rather, the actual 
boundary line ; the white limestones being found on one side and 
the blue on the other. The breccias are filled interstitially with 
crystalline graphitic limestones. The fragments themselves, while 
as dark as the blue limestone, have occasional scales of graphite. 
The degree of alteration depends upon the size of the fragment. 
The boundary line between the blue and white, when they ap- 
proach each other, is either brecciated rock or a line of easy 
gradation as noted under 3 (d). (c) The presence of graphite 
and fossils in the blue limestone and in the sandstone, 
standing as isolated facts, do, as Prof. Dana says, have but 
doubtful significance, but this particular case Btands as fol- 
lows: — The fossils show these rocks to be among the oldest of 
fosiliferous rocks and thus more liable to metamoiphic action; the 
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presence of gmphite in the rocks and actually replacing these fos- 
sils shows that metamorphic action has actually operated to some 
. extent; and the invariable proximity of these blue limestones and 
the sandstones when graphitic to either white limestone or granite 
is exceedingly strong evidence in support of the proposition that 
the metamorphism which changed the white limestone operated in 
a less degree, but at the same time, on the blue limestone and the 
sandstone. 

(d) The actual gradation from white to blue across and along the 
line of strike. In the case in hand there is no possibility of mistaking 
super-position of a j'ounger blue limestone on the white. The actual 
facts are that going from west to east there is encountered, first 
a coarsely crj'stalline white, graphitic limestone; last a blue lime- 
stone, plainly bedded and jointed. Between these two points, no 
more than fifty feet apart, these limestones shade into each other 
in color, in degree of crystallization, in the presence of graph- 
ite. That is, the graphite exists in everj' stage from the bright 
crystalline stage to cloud aggregations of carbonaceous matter 
which give the blue color to the blue limestone. 

(e.) This gradation is not confined to a single locality, but the 
localities are numerous. In no localitv is actual contact obser^'ed 
between white and blue limestone, but wherever exposure is of 
such a nature as to allow such contact to be observed, if it existed, 
the above facts are observed instead. The transition rocks are 
not taken from several localities and transition inferred from this 
series ; but by going across a given exposure the complete series 
is seen and in place. No series of samples can give a perfect idea 
unless a continuous strip of rock were taken. Using the locality 
at Franklin Furnace as a point of departure, the localities at which 
this transition may be observed are as follows: — West of the Rude- 
ville quarries four miles; on a hill east of McAfee, six miles; on 
the hills southwest of McAfee, numerous localities, five miles ; on 
a small hill then north of McAfee, nine miles. These localities 
are all in the Vernon and the Wallkill valleys. In other locali- 
ties near Oxford, Jury Jump mountain, and Andover, changes 
fully as convincing may be observed, and these point to the fact 
that the conclusions reached in the study of the Sussex county 
limestone may safely l)e extended to these also. 

In conclusion it may be well to state that the two limestones 
are separated by one of two marked types of rock ; either the band 
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of transition limestone or by a band of breceiated limestone rock ; 
and that in no place does the limestone change from blue to white 
across a continuous exposure without one of these transition rocks. 



NEW OBSERVATIONS ON THE GENUS TRINAC- 

ROMERUM. 

By F. W. Craoin, Colorado Springs, Colorado. 

The type- skeleton of this genus, discovered in the summer of 
1888, and partially described by the writer a few months later*, 
was nearl}' perfect when first seen by the workmen who found it, 
but was afterward broken in pieces by vandalic curiosity seekers, 
and had been scattered over portions of two counties before it 
came to the writer's knowledge. It was with great difficulty that 
the task of getting together such parts as had escaped utter de- 
struction was accomplished, some of these being obtained by rock 
excavation at the original locality, others by dint of considerable 
perseverance in travel and moral suasion. 

The expenditure of much time and labor in freeing the bone- 
fragments from the more or less silicified limestone matrix and 
in matching them, has resulted in restoring to a condition avail- 
able for study, several parts which once seemed hopelessly in- 
complete. A study of the type, as thus renovated, and of parts 
of several other specimens, has enabled me to supplement my 
preliminary paper with the following descriptive notes. 

The Skull. — Besides the very imperfect skull of the type 
( represented by the muzzle and a number of other fragments, of 
more or less importance ), the writer has secured two skulls which 
belong — onet certainly, the other probably — to this genus. For 
convenience of reference, these three skulls may be designated 
respectively as A, B, and C. 

As all preserved parts of the skeletal structure of Tn'nacromc- 
rum will be fully treated in an illustrated memoir, which is in 
preparation, a detailed consideration of the skull will not now be 
undertaken; but a few of its more conspicuous features may here 
})e noted. The skull is very large ( B, C ) and long (A, B ), 



♦Preliminary Description of a New or Little Known Saurian from ihe 
Benton, of Kansas. American Geologist, December, 1888. 

fThis skull seems to have pertained to an individual of about the same 
size as the type, with which it agre«-8 perfectly In several parts pre- 
served in both specimens. I regard it as not only congeneric but also 
co-speciflc with the type. 
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rather broad posteriorly ( B, C), and gradually contracting an- 
teriorly ( B ) to the greatly produced, high, and narrow muzzle 
( A, B). The fronto-parietal region is but moderately elevated, 
and slopes either way from the obtuse median ridge ( B, C ). 
There is a rather large elliptical or narrow-ovate parietal foramen 
( B, C ). The orbit is large and ovate ( B ) in outline. The 
mandible has a long symphysis (A, B ), posterior to which the 
rami are quite straight till at and near the posterior end, where 
they curve inward ( B ). The teeth ( A, B) resemble in form and 
sculpture that to which Leidy has given the name, Piratosauruat^ 
but are smaller and less cur\'ed, and their striaeform folds of 
enamel reach much nearer the summit and are lacking entireh' on 
the antero-exterior segment (A, B). 

The Pectoral Arch. — The coracoids are divided into a stout, 
saddle-shaped, anterior segment, and a thin, scoop-shaped pos- 
terior segment by two broad foramina which are either confluent 
anteriorly across the symphysial axis or separated by only a nar- 
row symphysial prolongation of the posterior segment. The 
anterior segment is thickened in the interglenoid axis as an 
opposed pair of deep, massive abutments whose symphysial faces 
are marked with broad pits for the attachment of a median cushion 
of cartilage. It is anteriorly produced in advance of the glenoid 
fossae and is posteriorly limited by the abrupt recession of the 
inner coracoideal borders from the symphysial axis at the foot of 
the steep posterior sloi>e of the abutments. The thus formed 
inner-posteribr angle of either abutment presents a complex in- 
wardly directed articulation difficult to describe, but which, 
viewed from the slightly concave dorsal side of the abutment, 
presents the appearance of two short processes, the posterior of 
which is pedicellate. The posterior segment of the coracoid is 
characterized, like the anterior, by a transverse thickening culmi- 
nating at the symphysis, but shallower than that of the anterior 
segment. It crosses the anterior end of the segment. While 
this posterior segment, as a whole, is concave upward, the trans- 
verse thickening is concave below and convex upward, reversing 
the conditions which obtain in the thickening of the anterior 
segment. The pre-glenoidal processes of the coracoids are long 
and blade-like, but are so broken in the type-specimen as not to 

JCret. Kept, of U. S. 
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show their full length and outline. But on . the block of stone 
bearing skull C ( and which bears vertebrae indistinguishable from 
those of Tnnacromenim ) there is a perfect pair of anterior cora- 
coideal blades. These lie mostly posterior to the skull and are 
directed agreeably with it, but their anterior end rests upon the 
posterior parts of the dorsal surface of the parietals, the skull 
having been accidentally turned over. These blades are about a 
foot in length and rather more than half an inch thick along the 
straight inner margins, diminishing, except near the end, to a 
thin outer edge. They gradually diminish in breadth ( to two 
and one-eighth inches each ) in the proximal two-thirds of their 
length, beyond which they have moderate lateral expansion. 

The distal parts of the ventral plates of both scapulo-precora- 
coids are likewise preserved on the parietals of skull C. They 
are flat expansions, somewhat broader than those of the distal 
ends of the anterior coracoideal blades, whose outer borders they 
meet on either side in a straight articulation two or three inches 
long, being thus held some five inches apart, instead of meeting 
in the mid-line as do those of ChnollosciHrm. This articulation 
includes nearly the posterior half of the obtuse-angled extremity 
of the scapulO'precoracoid, the remainder of the extremity form- 
ing (as preserved) a free antero -exteriorly directed border which is 
squared like those of the articulation, and which may, therefore, 
have joined an omosternum placed anterior to the coracoideal blades. 

The stout, extero-posteriorly directed end of the left scnpnl(>- 
precoracoul remains, in the t3'pe specimen, in natural relation to 
the coracoid, which it joins to form the glenoid fossa. 

A large and elongated fragment of the middle part of the 
former bone presents three faces: one concave, the others repre- 
senting the outer aspect of the ventral and dorsal ( precoracoid 
and scapular ) plates, nearly flat and making a rounded angle of 
alx)ut 100° with each other. 

The Pelvic Abch. — Of this, there are preserved in the type- 
skeleton the perfect right and imperfect left ilium, the greater 
part of the right pubis, the acetabular extremities and necks of 
both ischia, and part of the right ischial blade. On the right 
side, the union of the ischium and pubis, and on the left, that of 
the ischium and ilium remain undisturbed. The ilium is a clavate 
bone, rudely elliptical in cross-section of the shaft, and having 
the much enlarged lower end bent inward and forward. 
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The general outline of the pubis and ischium is much like that 
in Pleuofiaui'm as figured by Huxley*, though its details differ. 
The blade of the pubis is a warped plate, presenting, when yiew<Hl 
from above, two concavities separated by an antero-posterior axis 
of convexity, the major convexity embracing a large part of the 
middle and inner anterior regions, the minor occupying a small 
outer-anterior part. 

But the pelvic arch possesses one feature that distinguishes it 
from any described sauropterygian pelvis with which the writer is 
acquaintedf. The ilium does not articulate with, nor even closely 
approach, the pubis, being separated from it by the acetabular 
portion of the ischium, of whose acetabular face its own forms a 
posterior continuation. Thus the three elements of the acetabu- 
lum are brought into line. 

The VERTEBRiE. — To what has been published concerning the 
vertebrae, there is but little that need be added here. As would 
be inferred from the great size of the skull, the anterior cervical 
vertebrffi are not greatly reduced in size. The atlas and axis and 
their intercentrum are anchylosed, but their sutures persist. The 
cervical ribs are suturally adnate to the centra by single facets. 



ON THE CONFOUNDING OF AM.ssvi TIUVITTATA SAY 

AND iVM.S^M PEHALTA (CON. SP.) 
By (Gilbert D. Hahkih, Wushington, D. C. 

Nnfisa tn'ciftaffi^ a recent species inhabiting the eastern coast 
of the United States, was described in the second volume of the 
Journal of the Philadelphia Academy of Natural Sciences, in 1822, 
by Thomas Say.** 

Eight years later, a somewhat similar though very distinct form 
obtained from the ' 'Upper Marine" (Miocene) formation in the viein- 
itvof St. Marv's River, Md., was inadvertentlv referred by Conrad 
to ^^yassa Tn'viftafa, Say.''tt Morton repeated this error on page 
2 of the Appendix to his Synopsis of the Organic Remains of the 
Cretaceous Group, published in 1884. The species is again re- 
ferred to by Conrad in 1842 under the name **Bii('chinin frin'ftft' 

' * Vertebrate Anatomy, p. 182. 

tin EUiftmoxaurKs^ the ilium is described by Cope as articulating with 
the pnhh only. Extinct Reptilia, Batrachia and Aves of North America^ 
p. 52. 

**0p. cit. 1822, p. 231. 

tflbid., VI., 1830. p. 211. 
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tiun^ Sa3\''* Tuomey and Holmes' use of this designation fifteen 
years later in their Pliocene Fossils of South Carolina seems 
correct insomuch as both the description and the figure they give 
indicate a species identical with Say's X. tnvittata.l 

In his catalogue of the Miocene Shells of the Atlantic Slope, 
Conrad questions the identity of the Miocene ^^Tritia (Nansa) 
trivittatd" with the specimens referred to by Say, Tuomey and 
Holmes. || 

The following reference occurs in Meek's Checklist of Miocene 
Invertebrates, published in 1864: If 

**683. Tritia trivittata {Ssiy?) Conrad. Md. ; Va. ; S. Car." The 
Maryland and South Carolina forms are here confused and con- 
sidered identical. The specimens in the collection of the U. 
S. National Museum, from St. Mary's river bear the name '- Tritia 
tricittatum, Say" in Meek's hand-writing; the identification is 
moreover initialed by Heilprin. 

In 1867, Conrad described a new species under the name of 
Ptychosalpinx {Tritia ra) peralta** Although no locality is given 
for this species, the description, the figure, and the facts that it 
is a Miocene form and is, according to Conrad, the equivalent of 
Tritia trivittata Conrad (not Say) leave little room for doubting 
that the species here described is that occurring so abundantly in 
the vicinit}' of St. Mary's river, Maryland. 

Heilprin has overlooked this name altogether in his Tertiary 
Geology of the United States, published in 1884, and continues 
to refer this Miocene form to Nassa trivittata Say. tt He uses the 
same designation in his list of Miocene species of New Jersey, 
published in the Proceedings of the Philadelphia Academy of 
Natural Sciences, 1887, t but whether in this case Ptt/choxalpinx 
(Tritiara) peralta (more properly Nassa peralta) or Xassa tricit- 
tat aides Whitf d (MS. ) is referred to, one cannot decide without 
seeing the specimens themselves. 

Professor Clark of Johns Hopkins University has also over- 
looked Conrad's X. peralta, for, in 1888,t and again in 1891 he 
refers this form to Nassa trivittata of Say. J 

The foregoing facts may be thus summarized: — 

*2d Bull. Proc. Nat. Inst., 1842. p. 186. Proc. Phila.Ac. Nat. Sci. 1863, p. 562. 

§0p. cit. P. 135, pi. 28, fig. 4. ttOp. cit pp. 58 & 61. 

^Smithsn. Mi«cl. Coll. No. 183. p. 20. 19, fig. 5. 

**Amer. Jour. Conch., iii, p 264, pl.tOp. cit. pp. 398, 401. 

JJ. H. Univ. cir. vii. p. 66. §Ihid., \. p. 107. 
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Nnma trivittata Say, Jour. Phila. Ac. Nat. Sci., ( 1 ) ii, 1822, p. 231. 

" Conrad, Ibid, vi, 1830, p. 211 ^Nassa peralta, 

" Mort., Synop. Org. Rem. Cret. Gp., 1834, App., p. 2 

-=Na»m peralta. 

Buccinum trivittatum Con., 2d Bull. Proc. Nat. Inst., 1842, p.'186 

- Nmsa pernltft, 

" " T. & H., Plioc. Fobs. S. C, 1857, p. 135-=iV^ triritUtVt 

Tritia (Nasm) tnciitata f Con., Proc. Ph. A. N. S., 1862, p. 562 

Xasna peralttt cf* 
N, tricittatn, 

Tritia tricittata Meek Check List 1864, p. 20 - $ ^^«*«« peralta d- 

} N. tricittdtd. 

Ptycliomlpinx (Tritia nay peraltn Con. Am. Jr. Con , 1867, p. 264, pi. 19, 

fig. 5. 

Nanm trivitt^Ua Heilp., Tert. Geo!., 1884, pp. j H' ^^^ ' ' ' '^-''fr%m^^^^ ^ 

*• " " Proc. Phlla., A. N. S., 1887 pp. 398,* 401 .... . 

-^tN. tritittatoidett. 

NuHna (Tritiaria) tricittata Clark, J. H. Univ. Cir., 1888, p. 66 -N, peralta, 
Nnssa trivittata Clark, Ibid., 1891, p. 107 =N peralta. 

Washington, D. C, August, 1891. 



EDITOEIAL COMMEXT. 



Diminution op Natural Gas. 
Prof. J. P. Lesley has contributed a paper of much interest and 

value to the proceedings of the American Philosophical Society 

on the Grapeville gas wells. From it we condense the following: 

A table showing the futility of all attempts to pipe natural gas 

to any great distance is a sufficient answer to the hopeful tone 

so often assumed in regard to its conveyance to towns far from 

the wells. It shows the initial pressure, size of pipe and loss by 

friction in conveying gas from the powerful gusher at Grapeville 

to the Cambria Iron Works at Johnstown, Pa. 
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10 


4 


(( 


8 


it 


12 


ti 


16 


it 


20 


ii 


24 


12 


28 


*t 


32 


16 


36 


ti 


40 


20 



18S6 
Nov. 13 



183 


1 


Mar. 


15 


333 lbs 


320 




295 




261 




212 




168 




130 




95 




76 




37 




25 


(i 



Loss. 



200 lbs. 

182 " 320 ** 13 

170 " 295 " 25 

148 " 261 " 34 

129 " 212 " 49 

100 " 168 " 44 

85 " 130 " 38 

70 '* 95 " 35 

58 " 76 " 19 

51 " 37 " 89 

12 



The diminution of pressure in 40 miles from 200 lbs. and 333 
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lbs. respectively to 25 lbs. at the works sufficiently proves the im- 
possibility of successfully conveying the gas in pipes to any great 
distance, at the same time the striking irregularity in the rate of 
diminution precludes the hope of discovering any rule, and raises the 
suspicion of considerable error of observation. 

Another interesting fact illustrated in the same paper is the 
steadily diminishing pressure at the wells, foreboding ultimate 
failures at no distant date, a fact on which the Geologist has 
repeatedly insisted. The following table extracted and condensed 
from the same source establishes the assertion. The pressures 
are those attained by the wells after they have been closed for one 
minute. 

GRAFSVIILE— TABLB OF MINUTB PRESSURES. 

Well. Depth. At April, Dec, May., Nov., Dec, Jan., Feb, 
feet, first. 1889. 1889. 1890. 1890. 1890. 1891. 1891. 

Klingensmith.llOO 460 390 250 180 100 95 75 63 

Henry 1133 460 380 260 170 105 100 75 70 

Moon 1149 460 390 260 175 100 95 75 65 

Menosinger ...1466 410 390 240 170 95 85 55 40 

Klpple 1360 260 260 260 165 100 95 75 65 

Byers 1350 125 — — — — — — 60 

Agnew 1420. 75 — — — — — 65 65 

This loss of pressure and consequently of gas in less than two 
3^ears, points unmistakably to one conclusion — the disappearance 
of high pressure gas before long and the sinking of the great 
gushers to low pressure wells. They will then probably be very 
durable and the rate of diminution will itself diminish. Though 
useless for manufacturing purposes, they may still be very valu- 
able sources of gas for domestic consumption. At the same time 
it is quite possible that even this hope may be disappointed and 
that the pressure will run so low as to yield practically nothing. 
This is indicated by the fact that the rate of diminution is at pres- 
ent nearly constant as is shown by the following table: 

RATE OF DIMINUTION OF PRESSURE FER DAY.* 

From April 29, 1889 646 days 321 lbs. 0.5 lbs. per day 

" Dec 16, 1889 413 " 188 " 0.455 " 

« May 26, 1890 252 " 107 " 0.4 " 

Nov. 3, 1890 91 " 36 " 0.4 " 

" Dec 1, 1890 63 " 30 " 0.48 

•' Jan. 5, 1891 28 '* 7 " 0.25 " 

Professor L. points out that this falling off indicates that the gas 

* In borrowing this table we have taken the liberty of correcting a slight mistake in 
Prof. Lesley's calculation by which he had brought out the diminution much too high. 
The last figures may be doubtful. 
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issues under the force of its own expansion and not by hydrostatic 
pressure. If this is really the case, we must, as said above, an 
ticipate a steady falling off in the rate of diminution until it l)e< 
comes practically constant and the well becomes a low-pressure 
source of gas. 

The following deductions are of great economic importance: 

''The steady decline in pressure from 990-380 Ihs. on April 20, 1889 to 
65 lbs. on February 2, 1891, predicts a speedy extinction of the use of 
natural gas at the Cambria Iron Works." 

"•One of the wells at Grapeville was recently deepened to reach the 
'Gordon Sand* and a small quantity was found, but not enough to warrant 
any hopefulness of its maintaining the supply. A part of the works at 
Johnstown are yet supplied with natural gas from Grapeville, but it is 
weakening so fast that we supplement it with artificial gases.' " Feb. 
26. 1891. 

Again : 

"At the Cambria Works we are using the Archer oil gas to take the 
place of the natural gas and find this a very good substitute. The Archer 
process consists in vaporizing oil and mixing steam at a very high heat 
with the oil. We have also opened our mines again and are using coal 
in a great many sections of the works." March 18, 1891. 



Supposed Trenton Fossil Fish. 

During the past few months several notices have appeared of a 
discovery of fish fossils in lower Silurian ( Ordovician ) rocks in 
Colorado. At the recent meeting of the American Geological 
Society, Mr. Walcott. of the U. S. Geological Survey, exhibited 
some of these, and gave a few notes on the mode of their occur- 
rence. They are found in a red sandstone, more or less mottled 
with white, and in a calcareous layer of similar color near Canon 
City, and were first collected by Mr. Stanton two or three years 
ago. They consist of a few entire plates and innumerable frag- 
ments, mostly white or reddish ; and of long and apparently 
articulated columns reminding the observer of crinoidal stems. 
They are referred by Mr. Walcott to various kinds of fish and ho 
has named several of them in accordance with this view. Thus 
one of them has received the designation of HolopiifchiUA * 
americanus ( preoccupied by Leidy many years ago ), another that 
of Asterolepisf desiderata, while a third is styled Pnhtchinuvra 
prisea. 

These statements are of course surprising to the palfentologist. 
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though he is fully prepared to see the earliest vertebrate life car- 
ried downward through the palaeozoic rocks far beyond where it 
is now known. But each step in the progress must be taken only 
after the most careful and thorough investigation and on the 
most satisfactory evidence. 

In regard to the stratigraphy, Mr. Walcott has apparently ex- 
amined the locality with great care, and has accumulated a large 
mass of evidence. Assuming the correctness of his observations 
there appears to be little room for doubting his conclusions. No 
ground exists for suspecting an overthrow or inversion of the 
strata, and some of the fossils as named by Mr. Walcott, though 
not exhibited, are of undoubted Ordovician ( lower Silurian) age. 
Such fossils, according to the author, are found both above and 
below the beds containing the supposed fish remains. It is not 
-easj' therefore, on the assumption of these facts, to impugn the 
accuracy of the stratigraphical conclusions.* 

But in regard to the palaeontology the evidence is less satis- 
factory. There is no doubt that some of the specimens exceed- 
ingly resemble fish plates, as fish plates occur in the Catskill rocks. 
But it is not to Catskill species that a likeness would be expected, 
but to others more nearly approaching in date the epoch in ques- 
tion. Such species are those composing the genera Pteraspin, 
Cyatha^pix. Paheaapis, Diplaspis, etc., and to these the fossils 
exhibited by Mr. Walcott bear not the slightest resemblance. 
The plates alK)ve mentioned certainly simulate the scutes or 
scales of certain Devonian and later fishes. But we may stix)ngly 
insist on the deceptive nature of such merely external characters 
and ask for other evidence, before accepting the ichthyic nature 
of the fossils. 

In this respect Mr. Walcott's paper was disappointing, inas- 
much as it contained no proof of his proposition that these 
plates are the remains of fish. We must, however, await the ap- 
pearance of his memoir before coming to a decision on the ques- 
tion. But it would have been more satisfactory to the palae- ich- 
thyologist had he learned at least the nature of the evidence. 



"'The pahipontologist will feel some surprise at finding Halyntes cate- 
mdntus mentioned among this fauna. Though this species has been 
reported from the Lower Helderberg ( see p. 7 of the 2nd. Geol. Sur. of 
Pa.) yet its occurrence so low as the Trenton is scarcelj' less surprising 
than the presence of fish. 
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Mr Walcott's claim that his fossils though of Lower Silurian 
age yet resemble those of Upper Devonian strata, will doubtless 
be subjected to criticism, but the fact must be borne in mind that 
in several parts of the continent of Europe the fish are distinctly 
Devonian in type, though the moUuscan fauna indicates Upper 
Silurian age. This combination is of course very different from 
finding similar fossils in Lower Silurian strata, but may serve in 
a slight degree to lessen the incongruity. 

Microscopic examination was not reported. This lack is to be 
regretted inasmuch as such evidence is really of the first import- 
ance. . We hope that it will be supplied later. 

In addition to the plates already mentioned, Mr. Walcott ex- 
hibited certain crinoid-like objects which he believed to be noto- 
chordal or at least to indicate a spinal column. In our opinion, 
however, their appearance does not warrant such a reference, and 
the ichthyologist will feel grave doubts regarding the preservation 
of such objects from so low an horizon. Further examination 
will, we think, result in a change of opinion. 

Man and the Mammoth. 

Among the most interesting exhibits at the recent meeting of 
the International Geological Congress, was that of M. Max 
Lohest of Liege, Begium. Although unfortunately M. Lohest's 
paper was crowded out, and consequently the members had not the 
advantage of hearing it, yet his photographs and pamphlet were ex- 
amined by several of those who combine archaeology with geology. 

M. Lohest's paper read bafore the Anthropological Con- 
gress gives an account of his investigation of the grotto of Spy, 
near Li^ge, on the property of the Count of Beauffort. In this 
cavern M. Lohest found under a thick bed of rubbish and fallen 
fragments of limestone, three distinct ossiferous beds. The 
uppermost of these was in part stalagmitic, and contained a few 
bones of an undetermined species of deer, a bear's tooth, and 
some pieces of the bones of the mammoth. Beside these and 
mingled with them were great numbers of flint implements of 
various patterns, some of them resembling the type known as 
**Mousterian," from the cavern of that name, and others are like 
those found in the well known Engis cave, in Belgium. Some 
are notched like saws and of very thin and delicate workmanship. 
They consist of scrapers, points, blades, knives, etc. , worked on 
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one face, some apparently intended to be set in handles and 
others not. 

No instruments of bone or of ivory were found in this upper 
layer and the flints are mostly covered with a white or bluish 
patina sometimes very thick. 

Under this stalagmitic layer was a second ossiferous bed, 
usually red from the presence of iron ore, many fragments of 
which were found. 

Here occurred the following fauna: 

Rhinoceros tichorhinus, abundant. 

Equus caballus, ( horse ) very common. 

Sub scrofa ( pig ). 
Cervus elephus ( red deer). 

^ canadensis? ( elk). 

*' megaceros ( Irish elk). 

'* tarandus ( reindeer). 
Ovis aries ( sheep). 
Bos primigenius ( bison). 
Bos priscus ( aurochs). 

Elephus primigenius (mammoth ) veiy abundant. 
Ursus speleeus ( cave bear ) scarce. 

Meles taxus ( badger). 
Canis vulpes ( fox). 
Canis lupus? (wolf) familaris? (dog). 
Hustela foina ( weasel). 

Hyena speleea ( cave hyena) very abundant. 

Fells spelaea ( cave lion) a few teeth. 

Felis catturs ( cat). 

These determinations are due to M. Fraipont, professor of 
palfieontology at the University of Li^ge. 

Numerous hearths were also found on this layer composed of 
stones, and containing burnt wood and ashes. 

The materials used by the old inhabitants of this grotto were 
flint, phthanite, sandstone, chalcedony, opal, ivory, bone and horn, 
and the total number of implements obtained was very large. 
There are 140 ** mousterian" points, most of them thick at the 
base and not intended for setting in handles, whose average dimen- 
sions are 4 inches long by 3 inches wide ; a number of fine flakes 
and awls, and arrows or dart heads, of very fine workmanship, 
and some of them 5 inches long, resembling in type the <<solu- 
trean" implements of the Dordogue, a single small core from 
which flakes have been taken, and numerous blocks rejected on 
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acooant of some defect after a flake or two had been struck off, 
and 300 scrapers of various sizes and types. 

Implements etc. , of ivory were more numerous in this layer 
than in any other known cave in Belgium. Chips were so abun- 
dant as to form a breccia in one place. The objects found were 
for the most part for dress or ornament, and the material had often 
degenerated into a chalky substance. Many of them were un- 
finished or the different stages of manufacture were revealed. 
Some of them were marked with striation as was also the case 
with the implements of horn and of bone found with the ivory. 
On a rib of the mammoth or rhinoceros was found a series of 
** circumflex accents " ranged one above another, of which a figure 
is given in the pamphlet. One hollow horn was filled and stained 
with iron oxide, and is supposed by M. Lohest to have been a 
receptacle of this material for coloring the persons or the imple- 
ments of the cave men. These with four fragments of pottery, 
found by another investigator, complete the list of relics from the 
second ossiferous layer. 

The third contains a fauna so far as it goes, identical with that 
of the second bed. 

Rhinoceros tichorhinue, abundant. 

EquuB caballus, very abundant. 

Oervus elephus, rare. 

Cervus taranduB, very rare. 

Bos primigenius, common. 

Elephus primigenius, common. 

Ursus spelieus, rare. 

Meles taxus, rare. 

Hyena spelsea, abundant. 

In this bed, however, were found as in the other, abundance of 
flint implements, but somewhat differing in form and material 
from those alx)ve mentioned. The great interest of this layer, and 
indeed of the whole find is the discovery not only of the works 
of man, but of man himself, in the form of two partial skeletons, 
one skull of which is nearly perfect. This of course forms the 
central point of M. Lohest*s paper, and he justly goes into detail 
concerning it. We will condense his account written by Dr. 
Fraipont. 

*' The human relics belong to the most ancient fossil race, that of 
Neanderthal or of Canstadt. The skulls, fairly complete, present all the 
ethnic characters of that race, whose remains are known from France, 
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Italy, AuBtria, Germany and Sweden. Hitherto only a single jaw has 
l>een obtained from a cave ( Naulet'e ) in Belgium.*' 

One of these skulls ia apparently that of an old woman, the other that 
of a middle-aged man. They are both very thick. The former is clearly 
•dolichocephalic ( index 70), the other less so. Both have very promi- 
nent eyebrows and large orbits with low retreating foreheads, exces- 
sively so in the woman. The lower jaws are heavy, the older has almost 
no projecting chin. The teeth are large, and the last molar is as large 
as the others. These points are characteristic of an inferior and the 
oldest known race. 

The bones indicate, like those of Neanderthal and Naulette, small 
•square shouldered individuals." 
M. Lohest adds: 

" The skeletons from Spy are one of the most important discoveries 
relating to the oldest known race of men." " The cave shows three 
ossiferous layers, and remains of the mammoth occur in all three.'* 
*** Stone implements chipped only on one face indicate the ' mousterlan ' 
type of industry." 

** The relics of the three layers indicate an advance in the character 
•of the workmanship." 

^ The second layer by Its association of chipped tools with ornaments 
•of ivory and bone shows its close relationship to the * mousterlan ' type, 
and at the same time is free from all suspicion of accidental mixture." 

^ The study of the bones of the lowest level proves beyond doubt that 
the earliest race of men as yet known in Belgium, had a skull of the 
type of ' Neanderthal ' and used instruments of the * mousterlan ' pat- 
tern." 

In the above discovery we have at last clear and indisputable 
traces of the men whom up to now we have known almost entirely 
by their tools. A few disjointed bones not free from suspicion, 
are now fortified by evidences that cannot be gainsaid, and the 
old Canstadt or Neanderthal race stands before us as an extinct 
but real ancestor. 



EEYIEW OF EECENT GEOLOGICAL 

LITERATURE. 

Congr^s Geologique International* Compte rendu de la ^me Session. 
London, 1891. This volume, which appeared in America but a few days 
before the opening of the fifth session of the international congress, 
^consists of four parts and four appendixes. It has six geological maps and 
eighty figures ; also a plate of five profiles through the crystalline schists 
of the western Alps. Part I. is a historical account of the Congress and 
its origin. Part II. embraces the daily record of the meetings of the 
Congress. Part III. the most important and valuable, embodies the 
^actual new work which was transacted by the Session. Here are papers 
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on the crystalline schists by Hunt, Heim, Lory, Lehmann, L^vy, Lawson,. 
Powell, Irving, Chamberl in,- V an Hise . Becker, Dutton, Lossen, and 
Reusch, followed by synopsis of the discussion on the same by many of 
the attending geologists. Following these are miscellaneous discussions 
of the classification of the Cambrian-Sllurian-Taconic, or primordial 
rocks of the world, and of the Tertiary and Quaternary. Part IV em.- 
braces extended papers on the geology of the different portions of the 
British islands by Hicks, Marr and Tiddeman, Strahan and Reid^ 
Fox-Strangways and Lamplugh, and Reid, and shorter notes 
by Topley, Drew, Goodchild, Blake, Woodward and Winward— 
all grouped under the general title '* Explication des Excursions/'' 
Appendix A consists of the report of the American Committee on classi- 
fication and nomenclature, the reporters being Frazer, Winchell, Wil- 
liams, Stevenson, Cook, Smith, Cope and Hitchcock. Appendix B is the 
report of the British sub-committees made to the third session of the 
Congress at Berlin in 1885, distributed at that time separately, but 
omitted from the Compte rendu of the session. It now appears as & 
" second edition," with an explanatory " review of the position '* by T. 
McKenny Hughes, the separate reporters being Woodward, Reid, Gard- 
ner, Jukes-Browne, Topley, Huddleston, Blake, Irving, Morton, Strahan 
and Marr. Appendix C is the report of Prof.'Dewalque, secretary of the 
international committee on unification of nomenclature, in which he says 
that no national committee, except that of the United States, had rendered 
any report to the general committee. He calls attention specially, and fa- 
vorably, to the recommendation of the American committee respecting the 
Xiomenclature of the lower paleozoic, viz: Taconic for the primordial, 
Cambrian for the second fauna, and Silurian for the third fauna. At 
another time ( in the discussion of the classification of the Cambrian- 
Silurian-Taconlc, p. 227,) Prof. Dewalque commends the conclusions of 
the American committee in the following terms: 

Les reunions pr^c^dentes du congr^s et de la commission de nomencla- 
ture ont montri^ qu' une tr^s-grande majority de g^ologues est favorable 
tl une division en trois parties; on constate le meme fait aujourd'hul. 
Pour ces parties on a propose les noms Cambrien, Ordovicen et Silurien. 
L'orateur ne pent 6tre consider^ comme hostile tl TOrdovlcen car il a 
eu rhonneur de le patronner dans la commission, qui Ta admis. Toute 
fois, dans son rapport pour le congr^s de Berlin, il a cru devoir 
tenir compte des revendications produltes en Am^rique au sujet du 
Taconique de M. Emmons. Les controverses qui se sout produitea 
depuis lors aux Etats-Unis auraient pu faire hesiter un g^ologue comme 
Torateur, qui n' a jamais vu ce pays; mais la lecture du rapport du 
comity Am^ricain sufilt, tl ses yeux, pour lever tons les doutes, et le nonb 
de Taconique a^pour lui la priority et a droit dr designer la division in- 
f^rieure. La division moyenne est le Cambrlenne, la sup^rieure reste- 
Silurienne. Cela contrariera quelques usages, mais cela a d'autree- 
m^rites sur lesquels Torateur nUnsiste pas. 

L'honorable M. Walcott a combattu cette ()ivision,propo8^e par ses com- 
patriotes; mais son argumentation ne parait pa& irrefutable. L'orateur 
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admet voloQtiers que M. Walcott ait d^couvert une riche s^rie de fossiles 
de la faune seconde sur certains points du tenitoire appel^ Taconlque, 
mais ce progr^s dans nos connaissances ne pent avoir d'influence sur la 
question. Ge q*il faut savoir, c*est la position r^elle du Taconique 
d'fimmons. Or, 11 semble incontestable que c'est une s^rie tt faune 
prlmordiale . Si ce nom dolt 6tre conserve, 11 ne pent dtre appliqui^ qu' 
it ce que Ton proposait d*appeler Cambrlen. II faut le conserver parce 
qu'il a la priority. L'orateur ajoute volontiers qu* 11 sera charm^ de voir 
rendre cet hommage k la g^ologle Amerlcaine, laquelle nous a apprls 
tant de choses sur le grand ensemble de couches dont nous cherchons 
la meilleure classification/' 
Appendix D contains lists of the members of the congress. 

Mesozoic and Cenozoic fo^rtnaiiom of eastern Virginia and Maryland, By 
N. H. Darton, U. S. Geological Survey. Bull., G. S. A., vol. li, pp. 431- 
450, with a map and sections; April 14, 1891. The formations here 
described, successively separatad from each other by erosion intervals, 
are the Potomac, of late Jurassic or early Cretaceous age; the Severn, of 
later Cretaceous age, being the southern extension of the New Jersey 
greensand series; the Pamunkey, of Eocene age; the Chesapeake, be- 
longing to the Miocene period; the Appomattox, referred provisionally to 
the Pliocene; and the Columbia, regarded as early Pleistocene. 
It is ascertained that the transverse depressions of the coastal 
plain region were first excavated during the interval between the 
Chesapeake and Appomattox formations; for the earlier members of 
the series bear no marks of transverse drainage. At a later date, the 
Appomattox and Columbia formations were separated by an epoch of 
great uplift and erosion. ''This epoch," according to Mr. Darton's 
observations, '^differed from its base-leveling predecessors by greater rela- 
tive emergence and consequent stream-action which developed the greater 
part of the present physiography of the region. This erosion deepened 
and greatly widened the transverse drainage depressions, and trenched 
the side drainage depressions, cut into the edges of the terraces to an 
extent gradually increasing northward fromNorth Carolina, and in north- 
ern Maryland resulting in the removal of wide areas of the coastal plain 
formations, especially he Chesapeake and Appomattox." 

On tlie Trtassic of Massachusetts, By Benjamin K. Emrrson. Bull., 
O. S. A., vol. ii, pp. 451-456, with a map; April 28, 1891. Marine currents 
probably produced by tides of the bay of Fundy type, are shown to have 
distributed arkose from south to north, derived from the granites and 
flchists along the west side of the Triassic bay or estuary in Massachu- 
setts; and on the east a strong ebb current spread a coarse conglomerate, 
transporting its materials from north to south. In more quiet water 
along the central part of the basin, sandstones and shells were deposited. 
An artesian boring at Northampton passes through the arkose to a depth 
of 3,000 feet. Professor Emerson finds evidence of monocllnal faulting 
with upthrows on the east side of the faults, like the structure discovered 
by Davis in the continuation of this basin in Connecticut. 
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GhiHal grooves at t/ie southern tnargin of the Drift. By P. Max Fosha y 
and Richard R. Hice, Bull., G. S. A., vol. ii, pp. 457-464, with a plate- 
and one figure in the text; April 27, 1801. This interesting paper des- 
cribes the terminal moraine, kames, terraces, potholes, and glaciated 
rock surfaces near the drift margin, in the valley of Beaver river, north- 
western Pennsylvania. Powerful glacial erosion is shown two miles or 
more south of the terminal moraine mapped by Lewis and Wright, upon, 
the area of **the fringe" of frequent boulders, which extends some miles 
in front of the moraine in this neighoohood. 

Post-plei8tocetie subsid^n^e versus glacial dams. B/ J. W. Sp£XCEr. 
Bull., G. S. A., vol. ii, pp. 465-476, with a map; April 30, 1891. Shortly 
before the deposition of the glacial drift, there is shown to have been an 
elevation of the drift-bearing areas over 8,000 feet higher than now, and 
probably for a brief time to over 5,000 feet. Succeeding this uplift, the 
author believes that a subsidence of the land carried it so far beneath, 
the sea level that the now raised beach lines partially surrounding the 
great lakes of the St. Lawrence were shores of the ocean. Recent 
emergence of the land, according to this view, is recorded by the suc- 
cession of these beaches at different levels; and the alternative explana- 
tion which attributes the beaches to glacial lakes of fresh water dammed 
by a receding ice-sheet is disputed. A reprint of this paper, with slight 
changes appeared in the June number of the Geological Magazine. 

On the GeoUtgy of Quebec and encirons. By HBNay M, Ami, of th« Geo- 
logical survey of Canada. Bull. G. S. A., vol. ii, pp. 477-502, with seven 
sections; April 30, 1891. The intricate and much debated structure and 
relations of the Cambro-Silurian terranes of Quebec and its vicinity are 
here carefully discussed, with lists of the fossils collected in numerous 
localities by the author and others. Mr. Ami advocates the retention of 
the name Quebec group, and considers the group to comprise three 
natural and well-marked parts, lying next below the Trenton limestone 
in the following descending order: The Quebec, or upper division; the 
L<^vis or middle diviaion; and the SlUery or lower division. The rocks 
thus grouped are referred by Selwyn to the Hudson-Utica horizon above» 
instead of below, the Trenton. 

Sam£ New Species of (Jrinoids and Blastoids. By PiiOP. R. R. Rowley 
and Sid. J. Hake. In T/ie Kansas City Scientint for August 1891, we 
have what is practically a continuation of the paper on Home New Species 
of Eehinodermata by the same authors in the same magazine for July. 
The present paper contains descriptions of twelve new species, all of 
which are illustrated by figures drawn by professor Rowley. 

Adtnnce sheets from the 17th Report of the Getdogicid Sartey of the State 
of Indiana, Prof. S. S. Gokby, State Geologist. Pala-ontoUtgy. By S. 
A. Miller. Mr. Miller's contribution to the 17th Report of the Geologi- 
cal survey of Indiana, embraces 95 pages of text, and 20 plates with ap- 
propriate descriptions. 180 species of fossils are described, and of these 
126 are new. The paper opens with remarks on the geologic formations 
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of Indiana. The lower part of the Niagara group, in Indiana, is char- 
acterized by the presence of the remains of cystideans; while the upper 
part abounds with crinoids, brachiopods, brj'^ozoa and other fossils.'* 
Most of the cystideans belong to the very variable genus Holoeystites. 
It is stated as a fact worthy of note that half of all the species of cysti- 
deans known from America occur in the Hudson River and Niagara 
groups of Indiana. There are remarks on the scientific value of fossils 
and on rules for nomenclature. 

Of the fossils described there are three species of sponges, and from the 
head lines it would appear that Mr. Miller stands with Saville-Kent, in op 
position to the views of a majority of competent zoologists, in referring 
sponges to the sub-kingdom Protozoa. There are twelve species of 
corals, one of which, the Leptopora gorhyi^ n. s., is doubtfully referred 
to the Tabulata. Seventy-eight species belong to the Echinodermata , 
mostly cystideans and crinoids. Of the genus Holocystites alone 
there are fifteen species. 

Among the echinodermata the following new genera are proposed: — 
Stribalorpstitea, Zophocrimis and BlairocrtJius, Among sponges there is 
one new genus, Cyclospongia, 

The remaining genera and species embrace a few species of brachiop- 
oda, one Conularia and a number of mollusca. The Pleurotmnaria fiarii, 
page 88, Plate XIY., Figs. 3 and 4, might properly and profitably have 
been compared with P. carbonaria^ N. and P., and P, n^icportenua White. 

Second Annual Jieptyrt of the Oeologiatl Survey of Texan, 1890, E. T. 
DuMBLE, F. G. S. A. State Geologist. Carboniferous Cep?iulopods. By 
Alphecs Hyatt. The paper on Carboniferous cephalopods by professor 
Hyatt embraces pages 2^29 to 356 inclusive, in the Second Annual Report 
of the Geological Survey of Texas. The forms described were collected 
in part by the Geological Survey of Texas, part belong to the National 
Museum, and a few belong to private individuals whose names are 
given in connection with the specific descriptions. The genera represen- 
ted are divided between the yautiUndea and Ooniatitino'. To the first 
group belong Temnnclieihis, represented by five species; Meiaroceras, by 
five species; Tainoceraa, one species; Domatoceras, a new genus to which 
is referred one species; Asymtoceras, one species; PJiacoceras, one; 
Ephqtj)ioceras, one; and Endohbiis, one. To the Goniatitinae belongs the 
genus ^rrf^^r £W€7'a8 which is represented by the new species G, rompres- 
;tum. As stAted in the prefactory note the paper comprisesa larger num- 
ber of species of Carboniferus cephalopods than had previously been 
got together in a single publication. Excellent outline figures ac- 
company the descriptions. 

In the Second Annual Report of the Geological Survey of Texas, page 652, 
professor W. F. Cummins describes a very beautiful and interesting little 
coral from the Carboniferous strata of Texas, under the name, Hadro- 
phylhtm aplatus. II, aplatus is certainly very closely related generically to 
Microcyclus discus Meek and Worthen, and it is possible that this last 
species will have to be referred to Iladrophyllum. Six good figures 
illustrate Prof. Cummins^ species. 
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LIST OF RECEXT PUBLICATIONS. 

Y, Foreign PvhUcations, 

Records of the Geological Survey of New South Wales, Vol. II, Part 
8, contains: Notes on a Collection of Rocks and Minerals, from Mount 
Morgan, near Rockhampton, Queensland, collected by Mr. C. S. Wilkin- 
son, by T, W. Edgeworth David, and William Anderson. With an intro- 
duction by C. S. Wilkinson. Laboratory Notes on some N. S. Wales 
Minerals, by J. C. H. Mingaye. On the Occurrence of Microscopic 
Fungi, allied to the Genus PalcBoMya Duncan, in the Permo-Carbonif- 
erous Rocks of N. S. Wales and Queensland, with Plate VII, by R. 
Etheridge, Junr. The Associated Minerals and Volatility of Gold, by T. 
W. Edgeworth David, B. A. Analysis of Samples of Coal and Coke, 
manufactured from the various Coke-producing Coals in the Northern, 
Southern, and Western Coal Districts of N. S. Wales, by J. C. H. Min- 
gaye. Note on Mr. J. C. H. Mingaye's Analysis of N. S. Wales Coals and 
Cokes, by T. W. Edgeworth David. Lepidodendron australe M'Coy — Its 
Synonyms and Range in Eastern Australia, by R. Etheridge, Junr. 

Eclogse geologicae Helvetise, Vol. II, No. 4, contains: Revue geologe- 
que Suisse ponr 1890, Favre et Schardt; Programme des Excursions 
d^aout 1891 dans les Prealpes romandes, avec pi. 9-12. 

Mittheil. d. Naturforsch. Gesell. in Bern, contains: Notizen fiber den 
Lias von Lyme Regis, J. B. Thiessing. 

Annalen K. K. nat. Hof museums. Band VI, No. 2, contains: Meteor- 
eisen-Studien, Cohen u. Weinschenk; Die Gasteropoden der Schichten 
von St. Cassian der sQdalpinen Trias, Kittl; Ueber Nephrit und Jadeit- 
gegenstftnde aus Centralasien, Haberlandt. 

F31d. Edz. (Budapest), Vol. XXI, Nos. 4 and 5, contains: Awaruit. ein 
nickeleisen-mineral, Szabo; Beitrage zur Foraminiferen-fauna der 
Alttertiftren Schichten von Kis-Gyor, Kocsis. 



COEEESPOKDENCE. 



The so-called sand-dunes op East Hampton, L. I. — In a letter re- 
ceived from Geo. R. Howells, of South Hampton, of date January 21 , 
1886, my attention was called to certain sand ridges at East Hampton, 
L. I. The writer said: " Were you aware, I wonder, of the existence of 
two sand dunes, like small amphitheaters in form, right along, or in the 
midst of the richest farm lands a mile from the present shore line — per- 
haps not quite a mile — in the outskirts of East Hampton? These are 
veritable sand dunes of white sand covered with a growth of ordinary- 
beach grass, and a geological puzzle. If we could say they were de- 
posited there by a cyclone, it would shorten matters, but we can*t, and 
there is a difficulty in holding that they are signs of an old beach line. 
It is with me a standing puzzle.*^ 



Con^€spo7iden€€. 189 

The study of the drift phenomena, on the west end of the island led 
me to suspect that the sand dunes in question were formed by subglacial 
streams issuing from the front of the ice-sheet that stretched along the 
Atlantic border during the Ice Age. It was not until last July, however, 
that I had an opportunity of visiting the place in person, and it was 
gratifying to find my conjecture confirmed by actual observation. The 
43and dunes referred to are really kame formations. This can be seen at 
a glance by any one familiar with glacial phenomena. Similar formations 
occur along the whole extent of the south side of the Island; but in 
general they are not quite as well defined as those at East Hampton. 
The so-called sea beaches in front of our bays, as at Rockaway,. Great 
South beach, etc., are the same in origin. This hardly seems possible, 
but the more this phenomenon is examined the more evident the fact 
becomes. There is a beautiful system about these beach or kame 
formations, and their study had led me to suspect, some years ago, that 
the system extended for miles beneath the waters of the sea, and it was 
■^'cry gratifying to find this view partially confirmed by Prof. Agassiz. 
In his Life and Correspondence, edited by his wife, page 448, in a letter 
to Elie DeBeaumont, he says: ** Mr. Dezor recognized all the modifica- 
tions of the osars of Scandinavia. The deposition of the osars, as seen 
here, is evidently due entirely to the action of the waves, and their 
frequency along the coast is a proof of this. In a late excursion with 
captain Davis, on l>oard a government vessel, / learned to 'understand the 
mode of formation of the submarine dikes bordering the e<Hist at various dis- 
Ranees, which woftld be osars were they eUmted.^ The italics are our own, 
as the statement seems to confirm what I had conjectured, but I think 
Prof. Agassiz is in error in regard to their origin. Prof. G. F. Wright 
and others who have studied these kame-deltas along the southern front 
-of the terminal moraine, in New England, as well as in Long Island, could 
.see that these formations — osars— as Prof. Agassiz calls them, are not 
the result of wave action, but are due to subglacial currents issuing 
from the front of the glacier. At Montauk, for a distance of some 
twelve miles, the waves of the ocean break directly upon the base of 
the ridge or terminal moraine. At this point the whole south side of the 
Island has become submerged, and we can readily imagine what the 
floor of the ocean is like some distance from the present shore line. 
The sea is evidently gaining on the land along the whole extent of the 
Island, and it is only a question of time when the whole plain, south of 
the central ridge, will be washed away, unless something is done to 
check the inroads of the sea. If this invasion of old ocean has been 
going on for the past ten thousand years, the south side of the Island must 
have been at one time much more extensive. There is evidence to show 
that at South Hampton, two hundred years ago, the shore line was at 
least half a mile farther south. At the same rate of erosion four hun- 
dred years would bring the waters of the sea over the so-called sand 
•dimes at East Hampton, and these osars or kame-deltas would become 
the submarine dikes referred to by Prof. Agassiz. It is true that the 
waves of the sea would somewhat modify the contour of the plain in 
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the process of submergence, but there is no doubt but that the same sys- 
tem of ups and downs would exist as now characterizes ther south side of 
the Island. 

There may be some other explanation found for the formation of the 
beaches at East Hampton, but as I stood on their summits and looked 
northward, the old lines of drainage from the moraine to the sea were 
plainly traceable, and I am very confident that they are glacial in ori^n. 

The study is full of interest, as much so as the coral formations of 
tropical shores, as remarked by Prof. Shaler, and many problems con- 
nected with it remain to be solved. Future discoveries, I think will 
prove that oscillation has had little to do with the formation of either. 

Emtport^ L, /., Augmt 9, 1891. John Brtson. 

Viejo range of Nic4iragua, I have just arrived here from an exan&ioa- 
tion of the 18 mile long volcanic mass, Viejo — in front or north of this 
town— and found at a distance of about three leagues from the south 
base of its cones, fifty-six large springs of water issuing from fissures, 
all along the south side, at elevations of 40 to 80 feet above the Pacific 
ocean; also one spring of cool water flowing from a small clay-bottom 
baflin, at an altitude of about 4,000 feet above the ocean, the highest 
cone, except one toward the west, which is 5,670 feet above the ocean. 

On the north side of the cerro are several ( 8 or 10 ) large springs of 
tepid water, two of which contain so large a percentum of CaCO, as to 
have deposited hundreds of thousands of tons of calcareous tufas — 
nearly pure — 6 to 18 inches thick. In many places in this tufa the lime 
has substituted organic matter in perfection so as to display the most 
delicate venation of leaves, molds of annelids and insects, the tissues of 
trees, etc. These springs on the north side of the volcanic mass, fiow 
into a tide-water estuary which extends for about 70 miles eastwardly 
from the gulf of Fonseca and " heads " at several springs of hot water, 
at the N. E. base of the cerro, in a valley which extends for about 20 
miles eastward to lake Managua. I have drafted the skeleton for a 
paper descriptive of this volcanic cerro. J. Crawford. 

Chirhigulpa, Nicaragita, 27th Jnue^ 1891. 



PERSONAL AND SCIENTIFIC NEWS. 



The Kansas City Scientist for July, 1891, has a paper de- 
scribing Sonif Hcio spt'cn's of Echinodenuata^ hy Prof. 11. R. 
Rowley and Sid. J. Ilare. A plate containing twenty figures 
drawn by Prof. Rowley accompanies the paper. Fifteen new 
species are described. The despairing palseohtologist is disposed 
to ask how many more new species of crinoids the Sulxiarbonifer- 
ous strata of the Mississippi valley are going to furnish! 

The University of Iowa has received from Prof. C. A. Whit- 
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Prof. Safford exhibited some bones of Hegalonyx, lately found 
in Big Bone 'cave, Tenn. These he believed to be complementary 
to those described many years ago from the same place, by the 
late Dr. Leidy. Some of these, as in the former case, retained 
portions of cartilage indicating no very ancient date. In the 
account of this animal recently given in the pages of the Geol- 
ogist, it was stated that the pelvis of Megalonyx was unknown. 
As Prof. Safford's specimens showed the two iliac bones and. a small 
part of one pubis the above statement is no longer true. 

Considerable discussion took place on the existence of the "' Cincin- 
nati ice-dam,** but little progress was made in settling this vexed ques- 
tion. In this connection we may notice another topic on which consid- 
erable difference of opinion was manifested, namely, the attitude of the 
continent during the Pleistocene era. The extreme party on one side 
advocated an elevation of 8,000 feet, and hinted that twice as much was 
possible, while the other party could see cause and evidence for no 
changes of level so great. Testimony on this subject is coming gradu- 
ally to light, and the Pleistocene is assuming a more and more compleir 
character and history from day to day. Some deep borings, for example, 
one at Rochester, N. Y., and one at New Portage, near Akron, were de- 
scribed, the former by Prof. Fairchild, and the latter by Prof. ClaypoU. 
Mr. Van Hise presented a paper on the relations of the Algonkian an^ 
Archseanlnthe Northwest, and Capt. Shufeldt one on the avifauna of 
Oregon, giving an account of some very large fossil birds. 

Several other papers of considerable interest by various authors, con- 
cluded an interesting and useful, though not an eventful meeting. 

Geological Society of America. Following the Associatioa 
or rather imbedded in it came the meeting of the Geological 
Society of America. A new and large detachment of American 
geologists mustered to reinforce those previously present and 
work began again with new energj^ but in a slightly different 
direction. Numerous foreign geologists also began to arrive for 
the Congress that was to meet in a day or two and great confusion 
of tongues prevailed in the halls and corridors. A very agreeable 
feature of these gatherings is the opportunity which they afford 
of seeing the faces and feeling the handgrasp of men with whom 
correspondence and community of employment have long made 
many familiar. 

A very fitting commencement of the proceedings was the read- 
ing of a memorial of the late president of the society by his 
brother, Prof. N. H. Winchell. This presented to the members 
an excellent sketch of the life and works of one of the most emi- 
nent geologists of this country, who did much to popularize the 
science among teachers and in the general community. 

A very valuable and closely condensed account of the geology of S. 
America was presented by Dr. Gustaf Steinmann of the University of 
Freiburg, Germany. In it was brought out the fact that the well recog- 
nized QlosiopUrU flora of Australia, etc., also occurred in S. America^ 
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8o that the land over which this flora extended was wide enough to in- 
clude S. America. This gives a Mesozoic cast to the fossil Carbonif- 
erous flora of the greater part of the southern hemisphere and probably 
to some parts of the northern and indicates apparently, as Prof. L. F, 
Ward pointed out, that in or after the Permian period of glaciation the 
old cryptogamic and coniferous flora yielded to its more adaptive 
euccessor and retreated to the northward where it held its ground for 
awhile. 

The Carboniferous of S. America is in many places, said the speaker, 
covered with marine Liassic beds, often conformable and containing 
genera such as those of Europe. And the whole Mesozoic series is inter- 
calated with immense masses of volcanic material. 

Dr. August Rothpletz of the University of Munich, read an able paper 
on the Mesozoic formation at the E. Indian islands, Timor and RottL 
A rich Carl>oniferous flora is found there also characterized by 
Olossopteris, and the speaker indicated that the southern area had 
been long isolated from the northern so that passage either way was 
not possible. 

Mr. A. Marker, of Cambridge, England, read a learned but technical 
paper on thermometamorphism in igneous rocks. 

Prof. L. F. Ward presented a paper on the relations of the fossil plants 
of theTriassic in America, in which he pointed out with the aid of tables 
the nature of species peculiar and common to the different Triassic basins 
not known in this country. 

Mr. Joseph F. James gave a summary of the literature and histoiy of 
Scolithus pointing out its little value in the classification of rocks and 
suggested that the species should be named from their horizon 
rather than the horizon from the species. 

A paper by Mr. R. A. F. Penrose, on the Tertiary iron ores of Ark. and 
Texas., gave the physical and stratigraphic details of their occurrence. 
Mr. Hay described some ^^sandstone dykes*' in northwestern Nebraska. 

The evening was at first given to two papers on orographic geology. 
The first was read by Mr. Cadell of Edinburgh on some experimental 
reproductions of Scottish mountain structures and the second by Mr. 
Bailey Willis on the mechanics of Appalachian mountain structore. 
Both were illustrated by lantern views and were intended to show the 
production of faults and thrust-planes in strata under tangential com- 
pression. 

A series of beautiful and very instructive views of the Muir glacier in 
Alaska by Mr. Cashing closed the evening. These were shown by the 
lime light and formed a marked feature of the meeting to all who saw 
them. M. Cushing*s estimate, it may be remarked, of the rate of motion 
of the glacier reduces the figures of Prof. Wright from 70 feet per day to 
7 feet and even to less, and he also stated that it had retreated a full half 
mile in the four years since Prof. Wright's visit. 

On Tuesday morning Dr. Fredrich Schmidt, of the Academy of 
Science, St. Petersburgh, read a paper on the Eurypterus beds of Oesel 
compared with those of N. America. 



Personal and Scientific Neivn. 195 

The Baron de Geer, of Stockholm, gave an interesting and valuable 
account of the Quaternary changes of level In Sweden which elicited ' 
several remarks on their resemblance to contemporaneous changes 
in this country. He instanced several extensive oscillations be- 
fore, during or after the Gracia) era, during some of which great 
part of the country was below the sea and other parts reduced 
to the form of islands. Prof. Krassnof discussed the **black earth" of 
southern Russia, and its resemblance to the soils of the American 
prairies. This elicited a discussion on the complexity of the problem of 
^hese soils, and the morning session closed with a short paper read in 
French by Prof. Stefanescu, of the University of Bucharest, on the 
occurrence of Dinotherium in Roumania. 

Pres. T. C. Chamberlin in the afternoon summarized the standing of sev- / 
eral of the theories which have been suggested to explain the occurrence 
of the Ice age. After stating that the hypothesis of Croll now fails to 
account for the phenomena, at least on this continent, he hastily sketched 
the theory of elevation as the cause of the cold, and offered as in his 
view most probable a change of the a^is of the earth^s rotation. In the 
discussion that followed some opposition was developed and it was 
apparent that the geologists present were far from agreement on the 
subject, a result that might have been anticipated. 

The society was divided into two sections in order to render the com- 
pletion of the program possible. Papers on the .drift and kindred 
subjects were read in one room and the rest in another. Mr. R. D y^ 
Salisbury mentioned the occurrence of the preglacial Orange sand 
of the Mississippi in Illinois and Indiana and at levels considerably above 
the present river, indicating the attitude of the country at that time. 
He also stated the occurrence of an older drift outside the so-called 
terminal moraine in New Jersey and referable to the earliest drift of 
which we have any knowledge. Mr. S. suggested further that though 
we are accustomed to speak of two glacial eras, yet there may have been 
three, the earliest of which is represented by the deposits which 
he described, the second by the silt layer and the third by the mo- 
raine. 

Petrographical papers were presented by Mr. J. F. Kemp and Mr. O. A. 
Derby. Mr. R. T. Hill contributed one on the geology of Texas and New 
Mexico and Mr. Winslow another on the condition of deposition of the 
Missouri Coal Measures. 

Prof . Safford exhibited some interesting specimens consisting of the 
bones of a Megalonyx, from Big Bone lick, Ky. These he considered 
to berthe remainder of the skeleton of the animal discovered by Leidy 
in his ^Contributions.'* Like those some of them showed the remains of 
cartilage indicating no excessively ancient date. 

In a short address Prof. E. W. Olaypole related the discovery of a deep 
preglacial channel previously unsuspected. It is about five miles from 
Akron, O. The auger went down nearly 400 feet before the rock was 
reached showing that at this point the old river bed was cut down to 
the level of lake Erie though 40 miles distant. 
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The society is now in the third year of its existence and numbers more 
than 200 members scattered over the country from the Atlantic to the 
Pftcific. Two volumes of transactions have been published embodying 
the results of researches in almost every field of geology. They may be 
obtained from the secretary. Prof. H. S. Fairchild, of Rochester, N. Y.^ 
to whom also should be addressed all applications for membership. 

A SPECIAL PARTY wlU study the Pleistocene of the southern 
coastal plain from Alabama to Mexico, leaving Washington im- 
mediately after the adjournment of the International Congress of 
Geologists. The party embraces the following: W. J. McGee, 
E. W. Hilgard, Eugene Smith, J. A. Holmes, Lester F. Ward 
and Robert T. Hill. Subsequently the relations of the ** Trinity ' 
of Texas, and the *' Potomac" of Virginia, will be investigated 
in the field by Messrs. Ward and Hill. 

Of the ninety foreign delegates to the International Con- 
gress of Geologists present at the Washington session, sixty- 
three participated in the western excursion to the Yellowstone 
Park and the Rocky mountains! 

At the Meeting op the Committee of Obqanization of the 
National Association of Government Geologists, Saturday even 
ing, August 29, the secretary, Mr. Arthur Winslow, was instructed 
to draft a Constitution and By-Laws, to be submitted to the com- 
mittee at a meeting to be called in connection with the Annual 
meeting of the Geological Society in December next. 

The secretary was further requested to notify all State Geolo- 
gists of this movement towards organization, and to invite them 
to be present at the next meeting. 

Prof. 0. C. Marsh has crossed the Rocky Mountains 
twenty-seven times, in quest of fossil vertebrate skeletons, first 
in 1868, and remarked that he hopes to cross them as many times 
more. 

Prof. E. H. Barbour, Grinnell, Iowa, has accepted the pro- 
fessorship of geology in the State University of Nebraska, at 
Lincoln. 

Dr. Theo. B. Comstock, of the Texas Geological Survey, 
has been appointed director of the School of Mines, Tucson, Ari- 
zona. 

The basin of Itasca lake, which flows northward and is en- 
closed on all other sides by morainic accumulations, was formerly- 
filled by a lake of much larger dimensions. Mr. J. V. Brower^ 
in his official report on the new Itasca park, established by the 
last session of the Minnesota Legislature, descril)es the valley^ 
and proposes for the extinct lake, which doubtless subsided to 
the dimensions of the present lake on the withdrawal of the ice 
of the Glacial epoch from the region, the name **lake Upbam," 
in recognition of the efficient work of Mr. Upham on the glacial 
geology of the state. 
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BEECHERELLA A NEW GENUS OF LOWER HELD- 

ERBERG OSTRACODA. 

By E. O. Ulricb, Newport, Ky. 

About the beginning of this year I was greatly pleased at re- , 
ceiving from Dr. C. K. Beecher, of New Haven, Conn., a not 
only bountiful but an exquisitely preserved lot of Lower Helder- 
berg Ostraeoda ; and in a few days thereafter another series of the 
same, scarcely less extensive and excellent, from my well-tried 
friend, Mr. Charles Schuchert. To both of these esteemed gentle- 
men I am under the greatest obligations because of their untiring 
efforts to aid me in mj' studies of these minute fossils. The 
extreme liberality with which they have supplied me with spec- 
imens, the picking out of which has doubtless consumed much of 
their time, is conclusive evidence of an unselfish desire to advance 
science that is as unusual as it is commendable. 

These Lower Helderberg specimens are all silicified and have, 
by the judicious use of acids, been freed from the hard, stony matrix 
that originally enclosed them. They are, therefore, unusually 
perfect in their preservation, and exceptionally adapted for 
detailed study. In these respects they are but little, if at all, 
inferior to the beautiful things washed out of the 'Falls of the 
Ohio ^^Bryozoa bed," some of which I described lately (Jour. 
Cin. Soc. Nat. Hist. Vol. XIII, 1890-91). 

In the << introduction " to that paper I made some remarks on 
the distribution of the known American paleozoic Ostraeoda, 
stating also that numerous forms may be looked for in our Upper 
Silurian and Carboniferous deposits. The truth of this predic- 
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tion, in the first case at least, has received almost startling confir- 
mation by these discoveries of Dr. Beecher and Mr. Schuchert; 
and in the second case a good beginning has been made by Dr. 
Herman Herzer, who recently sent me a quantity of ahales and 
limestones, from the Coal Measures of Ohio, that are largely 
composed of the shells of Ostracoda. 

In the present paper I am obliged to restrict my observations to 
a small but ver}' remarkable group of species, not represented, 
so far as we know, outside of the Lower Helderberg rocks of 
New York. They seem clearly to indicate a new genus that I 
propose naming Beecherelln, in recognition of the discoverer's 
paleontological labors. From a collector's standpoint, a striking 
feature about these species is the rarity of the individuals rep- 
resenting the six or seven distinguishable forms. Of only one 
have we as many as five valves, while of the others the number 
seen is three, two, or only one! 

The associated species, on the contrary, are in most cases 
numerously represented. Especially is this true of ^Echmina^ of 
which there are at least two species, probably identical with the 
English and Scandinavian ^E. hovina and ^E, cuspidata. Among 
the others we may mention Bei/nchia, Kloe.denia, Bollm (^f), 
Moorea, Bythocyprin^ etc. , each with from one to four or more 
species, and most of them, if not all, with more or less obvious 
relations to Wenlock species. But this bears upon a too impor- 
tant question — /. <'., the correlation of American and European 
strata — ^to permit of definite assertions previous to much more 
careful and detailed comparisons than I have yet found time to 
make. I am however now, through the kindness of Mr. G. R. 
Vine and Prof. T. Rupert Jones, fairly well equipped to enter 
upon such comparisons, and hope in the near future to undertake 
them. 

Beecherella, n. gen. 

Carapace small, elongate, boat-shaped to ovate, moderatel}' 
convex, more or less inequivalve. Dorsal margin varying from 
nearly straight to strongly convex ; back sometimes flattened, with 
a sharply defined carina on one or )30th valves, giving them a 
triangular shape in cross-sections ; in other cases the dorsal slope 
is merely convex. Antero-dorsal extremity acuminate, often 
drawn out into a long spine; spine strongest on the right valve, 
sometimes absent entirely on the left valve. Posterior extremity 
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acnminate or rounded. Ventral edge gently convex, occasionally 
straightened in the middle. Hingement simple, the dorsal edge 
of the right valve especially somewhat thickened and in the central 
portion slightly overlapping the left valve. 

Type, Beecherella carinata^ n. sp. 

Some of the species about to be described under this generic 
name deviate rather widely from the one selected as the type. 
Only one feature is common to them all — the anterior spine. 

The value of this character as an indication of true generic 
affinity may h;ive been over estimated, and it is therefore possible 
that more than one generic group is represented. This is however 
a point that cannot as yet be determined, since, without more 
material of these and other species that sooner or later is certain 
to be discovered, it is not possible to pick out with certainty the 
really diagnostic characters. 

B. ovata may seem the farthest removed from B. carinata, but 
B. subtumida is clearly an intermediate form, as is also B. crUtata. 
B, navicula and angularis, however, differ from all the others in 
this, that the anterior spine is a prolongation of the dorsal edge 
instead of the dorsal carina or of the anterior slope. It is here, 
perhaps that another genus is indicated. 

Eespecting the position of Beecherella I find myself quite 
unable to arrive at any satisfactory conclusion. Many of the 
Cypridinidae it is true, have an anterior spine or hook, but here 
the resemblance ceases. The thin shells of the Oyprldse also are 
quite different, though one form of Cypris has been described as 
having a front spine ( C. corntgera, Jones Geol. Mag. 1888, p. 
336, fig. la-f), and Bairdia occasionally presents resemblances. 
And then the LeperditiidcB, a family that already includes many 
odd forms, does not, so far as I can se^, contain anything throw- 
ing light upon the question. At present, therefore, I am obliged 
to view BeecJterella as one of those groups of fossils, so frequently 
presented to the student of paleozoic paleontology, that baffle the 
most careful efforts of the systematist to classify successfully. 

Beecherella carinata, n. sp. 

PLATE II, FIGS. 1-4. 

Size: a large right valve ; greatest length, 3. 60 mm. ; greatest 
hight,0.77 mm. ; greatest thickness, 0.50 mm. ; length of anterior 
spine about 0. 65 mm. ; greatest length of valve at inner edge, 
2.90 mm. 
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Valves elongate, boat-shaped, extremities acuminate, subequal 
the anterior spine strong, projecting greatly beyond the end of the 
hinge margin; from this spine a sharply defined thin, and gently 
curv'^ed dorsal ridge or carina, extends backward to and a littlt* 
beyond the angular postero-dorsal extremit3\ A sharp impression 
extends a short distance obliquely downward from this extremitj' 
of the ridge. Back flattened except where it runs into the ter- 
minal spines; a faint channel along the edge. Ventral edge 
nearly straight, curving uniformly upward at each end. Surface 
without ornamentation, with point of greatest convexity ( thick- 
ness ) at the dorsal carina about midway of the length. 

In a view of the inner side the dorsal edge is strongly convex, 
and the anterior junction with the ventral edge verj' acute and oc- 
curring beneath or about the middle of the hight. The largest and 
best of the valves seen presents a feature about which I could 
not satisfy myself that it really belongs to the valve. I refer to 
the thin oblique diaphragm-like structure shown in the right half 
of fig. 2. If it is really a normal structure then it appears to be 
restricted to the right valve, as I fail to notice any sign of it in a 
well preserved left valve. Nor can I detect any sign of such a 
diaphragm in the other species. 

The elongate form, sharply carinate back, acute posterior end, 
and the strength of the anterior spine are the distinguishing 
features of this species. It should require but a glance to sep- 
arate it from all of its known associates. 

Formation and locality: Lower lielderberg group, Albany county, N. Y. 
Types In Dr. C. E. Beecher's collection. 

Beecherella subtumida, n. sp 

PLATE II, FIGS. 5-7. 

Size of right valve: greatest length, 1.90 mm. ; greatest hight. 
0.70 mm.; thickness, 0.55 mm.; length of valve at inner edge, 
1.53 mm. ; projection of spine beyond anterior edge about 0.35 mm. 

Valves elongate-ovate, slightly widest in the posterior half ; 
extremities, excluding the anterior spine, subequal, the posterior 
a little the bluntest of the two. Dorsal margin straight, sharply- 
rounded at the postero-dorsal angle, and very slightly bent down 
where it passes into the strongly projecting anterior spine. 
Antero-ventral margin ( in a side view ) straight or faintly concave 
to the end of the spine. Ventral edge, uniformly convex, from 
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base of anterior spine to point on posterior edge one-third of 
hight of valve beneath the dorsal line, the curve corresponding to 
something near a one-third segment of a circle. Posterior end 
most produced above, with a flattened border or flange projecting 
beyond the inner or contact edge ; flange widest above, vanishing 
in the lower third. Back strongly convex, without carina, but 
with a shallow channel close to the edge. Surface smooth, valves 
tumid, with point of greatest thickness a little above the middle. 
In a view of the inner side the contact edges form an elongate- 
oval, with the anterior end sharpl}' rounded or sub-acute, and the 
dorsal side straighter than the ventral. 

This species is too obviously distinct from the preceding to 
require comparisons. B. ovdtu has much wider valves, with 
(piite different surface contour; while B. cristata has the dorsal 
margin more convex, and a thin carina or crest on the dorsal 
slope. 

Forifuition and locality: Same as preceding. 

Type in Dr. C. E. Beecher*8 collection. 

Beecherella subtumida, var. intermedia, n. var. 

PLATE II, FIG. 15. 

Size of right oalve: Length (excluding spine) about 1.17 mm. ; 
hight, 0.63 mm. 

This name is proposed provisionally for a single right valve, 
that, being a little imperfect at the anterior end, 1 think it wisest 
to view with conservative judgment. At first I was inclined to 
regard it as a young right valve of B. ovata, but on re-examination 
that view lost probability, and I now believe that its 'relations are 
nearer B. guhtumida, with the chances strongly in favor of ultimate 
specific separation from both. A comparison of figs. 5 and 15 
shows that the latter is comparatively shorter, the antero-dorsal 
angle abruptly curved instead of gently declining, the anterior 
end probably blunter, and the ventral edge a little more convex. 
In the two points last mentioned the shape is more nearly as in B. 
ovata (see fig. 14) with which it agrees further in having the 
anterior spine less produced beyond the end of the valve, and its 
base situated farther back on the antero-dorsal slope — not however 
as much so as in that species. Its surface is less and more 
uniformly convex than B. subtumida, while B. ocata has a low 
cardinal ridge running backward from the spine, and a shallow 
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depression beneath it, neither of which is represented in var. 

intermedia. 

Formation and locality: Same as preceding. 

Collected by Mr. Ohas. Schuchert, but now in the author^s cabinet. 

Beecherella ovata, n. sp. 

PLATE II, FIGS 13 AND 14. 

Size of left valve: Length, about 1.87 mm. ; hight, 1.10 mm. ; 
greatest thickness, 0.50 mm.; length of spine, about 0.60 mm. ; 
projection of same beyond anterior edge, about 0.30 pim. 

Of this species the left valve illustrated on the accompauAing 
plate is all that has so far been discovered. It is a little imper- 
fect at the posterior end but the remainder is in sufficiently good 
condition to justify description. 

Left valve ovate, widest posteriorly, with point of greatest 

hight, about midway between the extremities. Dorsal edge gentl}' 

convex, posterior end semicircular, anterior end sharply rounded 

and most prominent just beneath the spine; ventral edge rather 

strongly convex, with the curve in the antero- ventral region 

somewhat straightened. Anterior spine rather long and slender, 

but projecting only about half its length beyond the anterior edge ; 

continuing backward from base of spine, a low rounded dorsal 

ridge is traceable across the middle third of the length 

of the valve. From this ridge to the dorsal edge the slope 

is abrupt, while just beneath it a shallow depression, widest and 

deepest at a point a little in front and above the center of the 

valve, is noticeable. Just behind the center an obtuse elevation 

constitutes the point of greatest thickness. Anterior, ventral, 

and posterior slopes gently convex. Surf ace without ornamentation. 

FomuUion and locality: Same as preceding. 
Type in Dr. C. E. Beech er's collection. 

Beecherella cristata, n. sp. 

PLATE II, FIGS. 16-19. 

Size of entire carapace: Length, including anterior spine, 1.27 
mm.; length, without spine, 1.10 mm.; hight, 0.49 mm.; thick- 
ness, 0.47 mm. 

Carapace elongate ovate, narrowly rounded l^ehind, acuminate 
in front. Dorsal and ventral sides nearly equally convex. In a 
ventral view the two valves are about equally convex, with the 
point of greatest thickness near the middle. Valves unlike, the 
left without spine or crest, but with a narrow flattened border at 
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each end. Right valve with a faint dorsal overlap, a rather small 
subterminal anterior spine, and behind it a thin crest-like longitud- 
inal ridge situated about midway between the center of the valve 
and its dorsal edge. 

This is the only species of the genus of which the two valves 
have been found in conjunction. They are so different that if 
found separate they would scarcely have been refeiTcd to the same 
species. Indeed, the spineless left valve would most likely have 
been regarded as BythocyprU. The two valves are known also of 
B, carinata and B. navicula, but in these the anterior spine of the 
left valve is merely somewhat smaller than that of the right, while 
the B. ovata, of which the left valve only is known, this spine is 
very well developed. B, sttbtumida, known only from right valves, 
is evidently a related form, and it is possible that in it too the 
left valve is spineless, which may account for its non-recognition. 

Formation and locality: Same as preceding. 

Type picked from fine residue sent me by Mr. Chas. Schuchert, and 
now in my cabinet. 

Beecherella navicula, n. sp. 

PLATE 11, FIGS. 8 AND 9. 

Size of left valve: Length from extremity of spine to posterior 
margin, 3.4 mm. ; hight, 0.7 mm. 

Valves elongate, boat-shaped, the dorsal and ventral margins 
sub-parallel, the former long, gently convex, anteriorly drawn out 
into a long spine projecting forward and a little upward like the 
bowsprit of a boat; posteriorly bending down into the sharply 
rounded posterior margin. Anterior end sloping backward from 
the base of the spine into the ventral edge. The latter is straight 
in the middle, and gently cur^'ed upward behind. Surface mod- 
erately convex, the dorsal slope the most abrupt. The spine of 
the right valve slightly stronger and longer than that of the left. 

On the inner side the dorsal edge is thickened, especially in 
front where it forms the projecting spine. Running nearly 
parallel with the anterior edge a ridge, quite distinct in the left 
valve, but much less so in the right, is to be observed. From the 
nature of the parts forming the anterior half of the valves it 
appears that when joined and the carapace closed an opening must 
exist just beneath the spines. 

There is little probability of confusing this with any of the 
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preceding species. The internal differences are so striking that a 

generic rather than specific separation is suggested. 

Formation and lomlity: Same as preceding. 
Types In Dr. C. E. Beecher*s collection. 

Beecherella angulans, n. sp. 

PLATE II, FIGS. 10-12. 

Size of right valve: Length 1.45 mm.; hight, 0.75 mm.; 
thickness, 0.38 mm. 

Valves obliquely acuminate-ovate, in a side view, triangular in 
cross-section, the dorsal side being nearly straight, with a wide, 
subtriangular flat or slightly concave back, the posterior third 
semicircular, the anterior margin gently cur\'ed and sloping back- 
ward from the pointed antero-dorsal extremity into the neatly 
rounded ventral margin. Point of greatest thickness just 
beneath the dorsal ridge from which the surface slopes with a 
gentle convexity to the free margins. 

The general expression of the only valve of this species seen 
except that it is inequilateral, resembles that of the ventral valve of 
a minute Spirifera with a wide flat area. The possession of such a 
flattened back recalls B. carinata, but the relationship canonl3'l)e 
remote since they differ so greatly in all other respects. Nor do 
any of the other species approach B. atiguhiris suflflciently to make 

comparisons either necessary or desirable. 

Formation and locality: Same as preceding. 
Type ia Dr. C. E. Beecher's collection. 

EXPI.ANATION OF PLATE. * 

Beecherblla carinata, n. sp. 
Fig. 1. Nearly perfect right valve. 
Fig. 2. Interior view of same. 
Fig. A. Dorsal view of same. 
Fig. 4. Interior view of a small left valve. 

Bebcherblla subtumida, n. sp. 
Figs. 5, 6 and 7. Respectively interior, side and dorsal views of a right 
valve. 

Beecherella navicula, n, sp. 
Fig. 8. Interior view of a perfect left valve. 
Fig. 9. . Interior view of the anterior half of a right valve. 

Beech krelta angulata, n. sp. 
Figs. 10, 11 and 12. Interior, end and dorsal views of a right valve. 
(The dorsal view is too long.) 

Brkchekella ovata, n. sp. 
Figs. 18 and 14. Dorsal and side views of the only specimen, a left 
valve, seen. 

BKECHERErXA SUBTUMIDA, Var., INTERMEDIA, H. Var. 

Fig. 15. View of the interior of a right valve. 

Beecherella cristata, n. sp. 
Fisrs. 16, 17, 18 and 19. Respectively right side, left side, ventral and 
dorsal views of a perfect carapace. 

• All the flgiire!* are ♦»nlargtHi "40 diiimptt>r!». 
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INTRODUCTION. 

In the spring of 1890 a paxt}' was organized by Dr. H. F. 
Reid, of the Case School of applied Science, Cleveland, O. , to 
proceed to Glacier bay, Alaska, for the purpose of mapping the 
basin of the Muir glacier, and of making as thorough an explora- 
tion as the time at their disposal would permit. The part}' con- 
sisted of Dr. Reid, Messrs. H. McBride, J. F. Morse, C. A. 
Adams, of Cleveland and R. L. Casement, of Painesville, O. , and 
the writer. We reached Glacier bay on the 1st of Julj', and 
were fortunate in finding Prof. John Muir already in camp there, 
with Mr. Loomis, of Seattle, Wash. , as a companion. Our stay 
was made vastly more pleasant and profitable by Mr. Muir's 
presence and knowledge of the region. He made the first ex* 
ploration of the amphitheatre occupied by the main mass of the 
glacier ( see map ), leaving camp in the middle of July, and in a 
solitary trip of ten days duration, passing completely around this 
amphitheatre. Our party had been preceded in work at this point 
by Prof. G. F. Wright, who spent a month here in 1886. His 
retults are well known and his work was of value to us in many 
ways. 

Work in an unknown and difiScult region of considerable extent 
must necessarily be largely the work of the scout. Detailed obr 
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sensations are out of the question. It is believed that more gen- 
aral ones are of sufficient interest to be worthy of record. 

DESCRIPTION OF THE REGION. 

Grlacier bay is a narrow arm of the sea about thirty miles long 
and five to eight miles wide projecting northwestwardly from Cross 
sound. Between it and the Pacific lies a rather narrow peninsula 
occupied by the Fairweather range of mountains, and two minor 
ranges west of it. East of the bay is another narrow and 
mountainous peninsula separating it from Lynn canal. Near its 
head it bifurcates into baj' Glacier proper and Muir inlet, the lat- 
ter projecting from the main bay in a northerly direction. It is 
from three to four miles long and from one to two miles wide. 
Into its head Muir glacier advances. The mountains adjoining the 
ba}' are mainly low, rounded spurs rarely exceeding 3,000 feet in 
hight, but present occasional sharp peaks rising from 5,000 to 
6, 000 feet above tide. Their northern slopes are often permanenth' 
snow-clad, but southern exposures are entirely free from snow 
in summer, and gay with a profusion of flowers. To an observer 
on one of the spurs on the eastern side of Muir inlet a spectacle 
of unparalleled grandeur is presented. To the west across 
Glacier bay rise two low ranges of mountains and beyond loom 
up the giants of the Fairweather range, beautiful white, snow- 
clad peaks. To the east and northeast are the White mountains 
lying between Glacier bay and Lj'nn canal. To the north and 
northwest the whole of the vast amphitheatre occupied by Muir 
glacier lies before the eye, with its encircling mountains, and the 
larger number of the man}' valley glaciers that pour their ice into 
this amphitheatre. The great branches that come in from the north- 
west may be followed by the eye for great disUinces. As the ice 
in the amphitheatre advances toward Muir inlet it becomes con- 
fined within narrow limits. The amphitheatre has a breadth of 
from twelve to fifteen miles or more. In order to reach the inlet 
the ice occupj'ing it is forced through a mountain gap less than 
three miles wide. At the present time the ice front bareh' reaches 
the narrowest portion of this gap. The waters of Muir inlet do 
not wash the bases of the mountains. A deposit of sand and 
gravel with a width of from one-half to three-fourths of a mile 
lies between the two on each side of the inlet. As a result only 
the central portion of the glacier terminates in the water. This 
central portion is tremendously crevassed and broken. On each 
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side the glacier ends upon these soft deposits, diminishing in 
thickness to an edge. These side portions of the glacier, espec- 
ially the eastern side, are as notably smooth as the central portion 
is broken. Near the front of the glacier three low mountains 
protrude from the ice which entirely surrounds them. On these 
were Dr. Keid's stations G, H and 1. The western one, G, is 
much the largest and highest, and forms a conspicuous feature in 
the landscape seen in looking toward the ice from the bay. 

TRIBUTARIES OF MUIR OLACIER. 

The greater portion of the ice which reaches the front of Muir 
glacier at the present day is supplied by the two great ice-streams 
which enter the basin from the northwest,* Muir glacier proper 
and the northwestern branch. The former is the larger, has a 
length of certainly thirty-five miles and probably more, and is 
deeply and abundantly crevassed for a great distance back from 
the ice front. The central and larger portion of the ice front 
derives its ice from this source. The northwestern branch is only 
second in size to this one. Its length is not so great nor its crevasses 
so numerous and profound. Its ice reaches Muir inlet to the west 
of the ice from Muir glacier proper. The next most considerable 
tributaries are the two northern branches. These have great 
length but will not compare in size with the last two. They fur- 
nish the ice which breaks away into the water at the eastern cor- 
ner of the inlet. The Western branch is quite completely sepa- 
rated from the rest of the glaciers by the numerous low mountains 
that protrude from the ice. Ita interesting features are its nu- 
merous connections with its Northwestern branch through the 
mountain gaps, and its source on a saddle from which ice flows in 
both directions, a feature shared by other glaciers in the basin. 
The ice from this branch does not enter the water, but dies out on 
the gravel deposit which forms the western shore of Muir inlet. 

Eastern branches. — That portion of the amphitheatre of Muir 
glacier lying east of a line drawn from Snow dome to the eastern 
corner of the inlet is occupied by a mass of ice nearly inert, and 
slowly rotting where it lies. Stakes placed across it about hdlf a 
mile back from the front, at the end of three weeks showed either 
no motion at all, or else an extremely slight one. The surface of 
all this portion of the glacier is extremely smooth. Crevasses 

♦See map. 



210 The Ainer lean GeologlsL October, i89i 

occur, but in general are mere cracks. None are found which are 
not readily to be stepped over. Everything points to rapid de- 
cadence. Points of interest increase as the various valleys 
tributary to this part of the glacier are examined. 

Tlve Dirt Glacier, — The first valley opening into this part of the 
glacial amphitheatre as its edge is followed is occupied by a small 
glacier, to which the name Dirt glacier was applied, because the 
ice in the whole lower half of the valley is completely and heavily 
covered with debris from the rapidly disintegrating mountains at 
its sides. The upper half of the valley discloses aii extremely- 
pretty, small, white glacier with heavy lateral moraines which 
gradually increase in width with the result mentioned above. 
This glacier at the present time has not sufficient vitality to send 
its ice beyond its own valley. Its lower portion is without per- 
ceptible motion, and has melted away considerably from the 
mountain sides. 

The White glacier, — The next valley is occupied by a very 
beautiful little glacier of a dazzling white appearance, with two 
medial moraines which present a very striking appearance from a 
distance on account of their graceful curves. This glacier still 
possesses considerable vitality, sending its ice clear to the Dirt 
glacier valley. In entering the main basin its ice makes a sharp 
turn of 90^, causing a depression of its surface at the concave 
side of the bend with a corresponding slight elevation at the 
convex side. 

Ttie Southeastern branch. — For our present purpose the pQint 
of interest of this next succeeding glacier is its present vitality. 
It really comprises two glaciers, the first of which is somewhat 
the larger of the two. This sends its ice not quite to the White 
glacier valley, dying out against the mountain side just before 
that valley is reached. Ice from the other branch extends but 
little further, pinching out between ice from Main valley and 
the White glacier, opposite the entrance to White glacier valley. 
Main valley, — The greater portion of the ice occupying the 
eastern part of Muir glacier amphitheatre has emerged from the 
large valley called Main valley. At present many curious features 
are exibited here. No ice is visible in the upper portion of this 
valley or in the valleys tributary to it. The comparatively 
narrow ridge back of Tree mountain which separates Main 
valley from the snow fields of the Southeastern branch is deeply 
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snow-covered on the one side, and perfectly bare on the other. 
Some cause not evident has locally produced a greater and more 
rapid disappearance of snow and ice from the vicinity of Main 
valley than has elsewhere taken place. Snow fields occur on Mt. 
Young, the highest and most imposing mountain in the vicinity. 
But these form very small glaciers and the valleys enclosing Mt. 
Young are free from ice. The ice occupying the upper, part of 
Main valley .terminates abruptly at the edge of a long, narrow 
lake — Main lake — whose long axis is at a high angle with the 
trend of tb^ valley, and which occupies nearly its entire width. 
The eastern shore of the lake is made up of glacial debris modi- 
fied by water, and such deposits exist in considerable force in the 
tributary valleys beyond. Small bergs, evidently derived from 
the end of the glacier, float in the waters of the lake, and strand 
on its shores. From its lower end a stream of water issues, 
flowing away toward Lynn canal. The lake is held in place by 
the thickness of the soft deposits on its eastern shore. 

The moraines in Main valley run directly to the shores of Main 
lake, there ending abruptly. That the rock masses from which 
they derived their contents, lie to the east, is clear from the nature 
of the contents. Hence the ice must formerly have completely 
fllled Main valley and come from the tributary valleys to the east. 
At the present time the supply of ice in the valley is renewed 
from no source whatever, except for the snow which falls upon 
its surface in winter. The highest part of the surface of the ice 
at present is some distance west of the lake. Somewhere beneath 
this ice, lies the divide for this valley between Glacier bay and 
Lynn canal. The stream flowing from Main lake flows into Lynn 
canal. It is possible that Main lake lies just on the Glacier bay 
side of the divide. That being the case, the draining of the lake 
would be indefinitely postponed. In the period of greater life of 
the glacier, the glacier occupying the stream valley, and the upper 
part of Main valley must have had a rising slope for its floor, and the 
reason for its movement in this direction furnishes an interesting 
problem to be solved. At the present time the whole mass of ice 
is practically inert, but it seems inevitable that there must be a 
slow flow of the ice in both directions away from the highest point. 
This movement would add to the general lowering of the surface 
of the ice produced by melting. It must also tend to an attenua- 
tion of the moraines spread upon the surface. 
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Another testimony to the inert condition of the ice in Main 
valley and vicinity is the shrinkage of the ice away from the 
mountain slopes which border it. This shrinkage must be par- 
tially counteracted by the slow movement just spoken of, but it 
is very conspicuous. The ice is rarely in contact with the mount- 
ains, but has withdrawn a few feet, leaving gaps into which an 
astonishing amount of debris has been tumbled. 

Berg lake, — Two small valleys open into Main valley from the 
northeast. The most easterly of these is occupied b}' Berg lake, 
presenting an excellent example of a valley lake whose waters 
hold their position in virtue of an ice barrier across the valley 
mouth. In this lake also float ice bergs derived from the ice 
barrier which holds the lake in place. Two enormous moraines 
extend from the mouth of this valley to the ice front. Their 
great size compared to the size of the valley in which they must 
originally have been formed is a matter worthy of comment 
Here also the slow creep of the ice away from its highest point 

• 

must be felt, and accounts for the occasional berg which the ice 
furnishes to the lake. What becomes of the surplus water of the 
lake is not known, but it seems probable that it must find its way 
into Main lake. A comparatively slight extension of the latter 
would cause the two to coalesce. The same cause that has re- 
moved the ice from the upper part of Main valley has removed it 
from Berg lake valley. Glaciers ordinarily retreat up their val- 
leys. Here the opposite course of proceedurc seems to have 
obtained, and the glaciers have disappeared from the small val- 
leys while thick ice remains in the larger one into which the others 
formerly poured their supply. 

The Girdled glacier. — The westerly of the two valleys spoken 
of is occupied by a very beautiful little white glacier, with a 
very steep slope. The clean character of its surface and the 
small amount of debris which it brings down, are as astonishing 
on the one hand, as arc the great moraines which have come out 
of Berg lake valley on the other. This glacier received its name 
from Dr. Reid because of the curious disposition of the moraines 
around the end of its valley. A moraine curves gracefully 
around its front, from the end of the ridge on the west, to the 
end of the ridge on the east side of its valley. Another moraine, 
parallel to this, emerges from Granite canon to the west, curves 
around outside of the first, and dies out against the mountain 
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side just to the west of Berg lake valley. These moraines both 
lie on the surface of the ice lying in the main valley. Ice from 
the Girdled glacier seems just to reach this, but does not pass 
into Main valley, nor can ^it have done so for some little time. 

Granite canon, — The valley to which Mr. Muir applied this 
name is, barring Main vallej', the largest one opening into the 
eastern part of the Muir glacier amphitheatre. It is a rather 
gloomy looking valley, bordered by low mountains with some- 
what precipitous slopes. These are dotted with patches of snow 
lying in sheltered depressions, but at present give rise to no 
glaciers. Hence the ice lying in Granite canon presents the same 
features as that in Main valley. The ice is inert. It has no 
feeders. It has disappeared from the upp^r portions of the val- 
ley while yet lying in considerable force in the lower portion. It 
diminishes in altitude toward the head of the canon, the highest 
point in the vicinity, lying nearly three miles south of the en- 
trance. About four miles up the canon the end of a lake is 
visible, lying in a side valley opening into the western side of the 
canon. Though only the end of the lake was visible the nature 
of the country surrounding it clearly indicates that the lake bears 
the same relation to Granite canon that Berg lake does to Main val- 
ley, viz : that its waters are held in place by the ice barrier across the 
front of its valley. The same cause has been at work in both 
places. That the ice formerly moved out of Granite canon, and 
did so for a vast length of time is indubitably shown by the 
material of which the great moraine that issues from it is 
composed. The great proportion of this material is diorite which 
is only found in place in the mountains enclosing the up- 
per portions of the valleys that open into the glacier's amphi- 
theatre from the east and north. Ice certainly flowed 
out from Granite canon long enough to carry this moraine clear 
to the present front of Muir glacier and beyond. The outward 
flow of the ice from Main valley must have ceased before the 
stoppage of the flow from Granite canon. The moraine which 
emerges from Granite canon and passes around the front of the 
Girdled glacier proves this. On the cessation of the flow from 
Main valley the ice must have receded somewhat from the moun- 
tain flanks. The eastern portion of the ice flowing out from 
Granite canon would then have encountered less resistance in this 
direction, and a portion of it would deflect from the main mass 
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and follow this new direction. The short moraine which passes just 
across the front of the Girdled glacier inside of this one was 
formed at the same time, mainly from material from the rapidly 
disintegrating mountain ridge west of the mouth of the Girdleil 
glacier. That the outward flow of the Granite canon glacier did 
not continue long after the stoppage of the flow from Main valley, 
is shown by the short distance traversed b}' the moraine emerging 
from the canon and flowing in this direction. 

If there is the present slow flow of the ice in Main valle}' al- 
ready spoken of, a flow in both directions from the highest point 
of the ice, there must be a corresponding slow flow of the ice back 
into .Granite canon. Starting at the front of Muir glacier, and 
proceeding toward the panon, the surface of the ice is found to 
slowly increase in hight till, about ten miles from the front, an 
altitude of about 1,300 feet A. T. is reached. From this point 
further progress to the northwest is over a descending surface. 
This descent continues up Granite canon as far as the eye can see. 

Two small glaciers appear on the southern slope of the moun- 
tain mass lying between Granite canon and the First Northern 
branch. The most western of the two — marked Glacier 9 upon 
the map — merits brief attention. It has retreated some little 
distance up its valley, and its lower portion is covered from one 
side to the other with debris, after the manner of the Dirt glacier. 
Upon the ice of the main mass in the amphitheatre which lies 
across the opening of this glacier's valley, a moraine appears 
curving across the opening from one side to the other, the coun- 
terpart of the one in front of the Girdled glacier. The motion 
appears to have been from the west, the material being supplied 
from the southern slope of Snow dome, the mountain to the 
west of this glacier. A recent flow of ice from the First North- 
ern branch across the opening of this valley must have taken 
place, carrjing with it the disintegrated material that fell from 
Snow dome upon the surface of the ice. 

RECENT RECESSION OF THE GLACIER. 

The evidence that very recently Muir glacier has had a vastly 
greater extent is remarkably plain, and has been well summed up 
by Prof. Wright. The reason for its consideration here, is that 
further evidence has been procured. 

Direct eridence. — Prof. Wright's measurements, and photo- 
graphs taken by Mr. Baldwin of his party furnish a means of 
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comparing the position and extent of the glacier in 1886 with its 
condition in 1890. Mr. Baldwin's photographs of the ice front 
show that in 1886 its position was at least half a mile further to 
the south than was the case in 1890. No direct measurements 
on the ground were possible, and the ice front was of such en- 
tirely different shape at the two periods, that, at best, only an 
average could have been ascertained. The amount of retreat has 
been greater in the central part of the glacier which terminates in 
the water, its ice breaking off and floating away, than at the 
sides, which retreat only by slow melting where they lie. 
Wright's map and photographs show the seaward portion of the 
ice extending further to^ the south than the wings on land, the 
most southerly point of all being in the centre. In 1890, on the 
other hand the most southerly points of the ice front were the 
wings — see map — and the water front was deeply concave, the 
greatest recession, probably not far from a mile, being near 
the centre. The amount which the wings have retreated has been 
comparatively small. The testimony of the officers of the steam- 
ers which have been entering Glacier bay since 1883, is unani- 
mous that the ice has retreated considerably since that time, the 
estimates running from one to two miles. The testimony is cred- 
ible as a new place for anchorage must be sought every year. 
Half a mile in four years is a tolerably rapid rate of recession, 
should it prove to be at all an average one. 

The hight of the central portion of the ice front above the 
water in 1890 was about 250 feet, the same that Prof. Wright 
records.* This, however, was the hight of his projecting point. 
To points on the front somewhat back of that, he gives a hight 
of 300 feet. Soundings aa close to the ice front as practicable 
show about the same depth of water, somewhere in the neighbor- 
hood of 600 feet on an average. There has evidently been a con- 
siderable shrinkage in thickness in the four years interval. The 
ice front in 1890 was not far removed in position from the line along 
which Prof. Wright states it to have had a hight of 408feet in 1886. t 
Its greatest hight in 1890 was 250 feet. Wright's photographs 
indicate also a greater thickness of the ice in the Western branch, 
judging from the hight to which it rises on the mountain sides 
adjoining, as compared with that exhibited in the photographs of 

♦Ice Age in North America, p. 43, 
tlhid., pp. 48 and 40, 
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the same taken by Dr. Reid an^J Mr. Morse. As a result of his 
measurements of the rate of motion of Muir glacier 
near its front, Prof. Wright announces an average forward move- 
ment of the ice into the inlet of forty feet a day, with a maxi- 

f 

mum of seventy feet. * His method was by sighting on various 
pinnacles of the deeply crevassed portion of the ice, from day to 
day. Under Dr. Reid's skillful guidance our party made several 
efforts to completely cross the ice front and plant flags to serve 
as accurate points on which to sight. The attempt to entirely 
cross was unsuccessful, proving a task of the most extreme diflS- 
culty, if not impossible. By working out from each side toward 
the centre, however, the last flag on one side was planted so near 
to the last flag on the other, that the space between the two was 
less than the average interval left between the others. The 
most rapid motion found b}' Dr. Reid by triangulation upon these 
flags, was seven feet a day. Undoubtedly the ice was in more 
rapid motion at the time of Prof. Wright's visit. Its greater 
thickness and the fact that it was further advanced into the com- 
paratively narrow valley in which Muir inlet lies would necessi- 
tate this. But the increased nipidity must have been compara- 
tively small in amount. 

Freshncas and extent of strkv. — The sides of the mountains 
l)ordering Muir inlet are polished and striated with the freshest 
possible marks up to hights of 2,000 feet. The same is true of 
the sides and tops of the two low islands which project above the 
surface of Muir inlet. Natural I3" the striations decrease gradually 
in number and strength as the altitude increases owing to the 
rapid disintegration of the rocks. Above 2,000 feet strise are 
occasionally found up to hights as great as 3,500 feet. Only 
occasional peaks have hights over 8,000 feet, hence when 
glaciation was at its hight the whole region must have beea 
covered with an icy mantle with only here and there a small steep 
crag projecting above the general level. In the upper portion of 
Glacier bay the same freshness of the striee is observable on the- 
mountain sides and the islands in the bay. Going down the bay 
the same decrease in number and freshness is observed that is 
found on increase of altitude. Yet the differences are not as 
marked as would be the case had the retreat of the ice been a slow 

♦Ice Age in North America, pp. 48 — 51. 
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and prolonged matter. The evidence furnished bj* the striae is of 
a recent and rather rapid retreat of the glacier from a condition 
of much greater extent. 

Condition of the Eastern portion of the glacier. — Tnis has 
already been treated in considerable detail. The evidence there 
presented of the great decadence of that portion of the glacier 
will readily be recalled. 

Landslip on the White glacier. — The extension of the White 
glacier into the main amphitheatre is clearly marked b}' its very 
white color and the heavy moraine at its outer side. It ends in 
front of the Dirt Glacier valley. About two miles above its end 
its entire breadth is covered for a short distance by a coating of 
loose debris, which increases in thickness and coaresness toward 
the mountain side, upon which masses of the same material lie. 
Some sudden flood or avalanche has hurled this mass of material 
down the mountain side, and scattered it broadcast over the sur- 
face of the ice. The present surface of the ice covered by this 
material now stands well above the level of the ice not so pro- 
tected, and presents the characteristic surface of ice so covered ; 
gi*eat differences of level appear according to the thickness of the 
covering, with the prevalent tendency toward the production of 
sharp ridges and cones. To produce the existing difference of level 
and character of surface exhibited, a length of time would be nec- 
essary which must at least be measured in months. Yet the material 
lying on the glacier is directly continuous with that on the mount- 
ain side, so that little movement can have taken place since the 
slide occurred. 

THE DYING GLACIER. 

The Dying glacier lies in a valley from half a mile to a mile 
wid^, which extends from the western shore of Muir inlet through 
the mountains to Glacier bay. The glacier is a mass of ice nearly 
three miles long, of unknown thickness, occupying the middle 
third of the valley. From its eastern end a stream flows into 
Muir inlet, three and one-half miles distant, through the soft de- 
posits occup3'ing this portion of the valley. The western end of 
the glacier lies verj' close to tide water from Glacier bay which ex- 
tends up the valley for two miles and a half. The highest point 
of the ice, al)out 800 feet A. T. , is near the centre. From this 
point the surface slopes evenly in both directions. Two small 
glaciers, the one north of Pyramid peak, and one from the south 
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were formerly tributary to this glacier, but it has been some 
time since either has supplied any ice to it. Its moraines lie in 
perfectly straight lines from one end of the ice to the other, neces- 
sarily being the remnants of the old medials that lay on its sur- 
fi^ce during a time of greater extent. No moraines appeared 
traceable to the two glaciers coming in from the sides. There 
are several of these medial moraines lying on this glacier, indi- 
cating its formation from a considerable number of small ice 
streams. They present one very peculiar feature, that of disap- 
pearing for a certain interval. On following one of them it would 
suddenly be cut off sharply, be absent for a certain distance, and 
then reappear at the surface with equally startling sudden- 
ness. This has taken place once on every moraine. Sometimes 
two or three moraines exhibit this phenomenon at about the same 
point, but more often the points of disappearance and reappearance 
on the various moraines seem independent of one another. Close 
examination revealed the missing portions of the moraines lying 
l)eneath the surface of the ice, their present position being dis- 
closed b}- means of the narrow crevasses. They were sometimes 
covered by a thickness of ice of at least six feet. They keep 
their direction perfectly when beneath the surface. The etfect 
produced is as if a long shallow block of ice had been lifted up^ 
its load of debris deposited in the depression produced, and then 
the block replaced upon it. No explanation of this occurred to 
me, and I present it as a curious fact not observed before so far 
as I know. 

The situation and direction of the moraines on this glacier in- 
dicate a former flow of the ice from one end of the valley to the 
other. There are, however, certain difficulties in the way of this 
view. The material composing the moraines is here of little as- 
sistance in determining the question. The mountains adjoining 
this valley and the neighboring shores of the bay and inlet are all 
of the same material, and of this the moraines are made up. 
Occasional large pieces of coarsely crystalline white calcite oc- 
cur on the moraines. These are supplied from the deposits of 
calcite found in fissures in the vicinity. 1 know of none of 
sufficient size to have furnished these pieces in the mountains ad- 
joining the eastern portion of the valley, and do know of 
several to the west. This denotes a probability of a former 
easterly movement of the glacier in this valley. There are many 
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points of interest in this valley, requiring a careful examination 
for their elucidation. 

GLACIAL DEPOSITS. 

Description. — On each side of Muir inlet a deposit of sand and 
gravel of varying width lies between the water and the mountains 
— see map. The deposit on the western side is more extensive. 
It has a width varying from half a mile to a milC; which is great- 
est opposite Dying glacier valley and diminishes rapidly to the 
south, having a length of about five miles. That on the eastern 
side has a width of about half a mile for the first mile of its 
length and then diminishes to a point, dying out about three 
miles south of the ice front. For a considerable part of their ex- 
tent these deposits rise quite abruptly from near the water's edge in 
steep cliffs with an average hight of one hundred feet. The 
faces have been chiseled by the rains into very picturesque shapes. 
The}' have a talus slope at their base, and are separated from the 
water by a nanx>w sand beach. A channel has been cut in each 
of these deposits by the sub-glacial streams that issue, one from 
each end of the ice front. The sides of these channels are marked 
by rough terraces marking occasional local fiood plains formed 
hy the streams as they rapidly cut out their channels. These 
terraces rise rapidly in the direction of the ice and then die out, 
an effect produced by the retreat of the ice and the consequent 
shifting of the source of the stream. These deposits possess 
firmness to a surprising degree, it being in places extremely 
difficult to make any impression on them with the foot. But 
their lack of consolidation renders them, especially when water- 
soaked, an eas}' prey to running water. They were deposited by 
swift. currents. The material is all coarse, alternating beds of 
gravel and sand, the gravel largely predominating, and with little 
or no admixture of clay. Rapid alternations of horizontal and 
cross bedding characterize them. A considerable number of the 
pebbles in the gravel are derived from the eruptive rocks far to 
the north. They have their edges rounded but are much more 
angular than are stones which have suffered attrition in water for 
any considerable length of time. They have rather the aspect of 
somewhat water- worn glacial pebbles. 

The altitude reached by these deposits increases as the mount- 
ain sides are approached, they having there an elevation of 400 
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feet. In a steep gully on the side of Mt. Wright they reach a 
hight of 600 ft. 

TheHe deposits overrun by the glacier. — These deposits below the 
front of the glacier are overlaid by a stratum of varying thick- 
ness of true morainic material, rough boulders of varj'ing sizes, 
few of which show any evidence of attrition, lying on or embedded 
in a layer of sand and clay. The surface presents numerous " kettle- 
holes" and kames, its whole configuration being evidentlj^ due to a re- 
treating ice sheet. On each side of the inlet the glacier overruns 
these deposits. (Plate III. ) This is best shown on the eastern 
side, where by passing down the beach to the ice front, a beauti- 
ful longitudinal section of the ice h'ing above the gravels can \ye 
seen. The length of this section is a quarter of a mile. At its 
upper end this ice has a thickness of one hundred feet at least, 
thence diminishing gradually to an edge. This section is made 
possible because the wings of the glacier on land, reach further 
to the south than the seaward portion. On reaching the main 
front the gravels are seen to pass under the ice, so that their 
extent in this direction cannot be told. There is something more 
here than the snout of an advancing glacier riding up over its 
moraine. This glacier is retreating, and all the evidence shows 
that it has been doing so for a considerable length of time. That 
these beds were deposited before the advance of the glacier, from 
which it is now retreating, took place, is proved by the buried 
trees shortly to be described. That the present retreat has been 
long continued, is shown by the condition of the eastern portion 
of the glacier. A glacier of great thickness has advanced over 
these gravels, and done so for a considerable time. Much of 
their original mass has doubtless been removed. But the very 
considerable remnant is full of significance. The influence of 
the ice upon it must have been more protective than anything 
else. At the present time every one of the frequent rains washes 
down portions of this deposit into the inlet and the rapid, ever 
shifting sub-glacial streams are constantly undermining its cliffs, 
so that its mass is being diminished with comparative rapidity. 

Origin of t/ifsf deposits. — These deposits have for their floor an 
old land sufface, with tree stumps still standing in the soil in 
which they grew, and of which Prof. Wright has written*. Such 
stumps in situ are exposed on l)oth sides of the inlet, where the 

♦Ice Age in North America, pp. 57-61. 
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gravels have been cut away. Those found on the eastern side are 
along the beach, and are now only exposed at low tide, some be- 
ing just at low tide level. This floor was a sloping one, rising 
gently toward the mountains. The deposits on it were laid down 
by swift currents, and their material had not suffered attrition 
for any great length of time. Yet it is all considerably rounded 
and must have been transported some little distance. At least 
&ome of it came from the north. From this it follows that these 
layers of sand and gravel were deposited from the swiftly flowing 
streams that emerged from the front of the glacier as it advanced 
toward this spot, aided no doubt, by streams down the mountain 
sides adjacent, and on the western side from the Dying glacier 
valley. Subsequently the advancing glacier overran them. 

Changes of hrcl in the region. — Prof. Wright explains the 
thickness of the sand and gravel deposit on the western side . of 
the inlet by the supposition that the Dying glacier would, in its 
advance, protrude from the end of its valley before the advanc- 
ing Muir glacier reached that spot, and from a kind of dam, or 
breakwater, against which these deposits would be built*. This 
is a pure supposition, there being no evidence that such protru- 
sion would occur first. Nevertheless it might be admitted were 
it not for the fact that it does not aid in explaining the hight of 
the gravels on the western side south of Dying glacier valley, nor 
does it help us at all in accounting for the even greater altitude 
reached on the eastern side of the inlet. I find myself totally 
unable to account for the accumulation of deposits of such a 
character and in such a location to hights of 300 and 400 feet 
above the surface of the inlet, with the relative levels of sea and 
land remaining as at present. Should the ice be now removed 
from the amphitheatre a considerable part of it at least would be 
covered by sea water, with low sloping shores between the water 
and the mountains. As the amphitheatre became filled with ice, 
on the advance of the glacier, it is impossible to conceive of the 
building up of deposits by the streams of the vicinity to am' 
considerable hight above tide water. The material would have 
been washed into deep water. But such a deposit could easily 
have been built up on a slowly subsiding shore. In order to es- 
tablish such an hypothesis it is necessary to produce evidence of 
a downward movement of at least from 200 to 300 feet, followed 

*Ice Age in North America, pp. 60. 
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b}' an elevation of practically equal amount. Evidence of a cer- 
tain amount of subsidence, and its approximate date is furnished 
by the tree stumps in situ, already mentioned as occurring on the 
eastern shore of the inlet at low water mark. As the average 
tides here have a hight of 20 ft. , here is clear proof of a sub- 
sidence of at least that amount, and which could not have taken 
place before the deposition of the gravels. I am however unable 
to produce further evidence of oscillations of level which hav^ 
occurred since the deposit was formed, and merely present the 
idea as provisional, and as the only way occurring to me of ac- 
counting for the hight above sea level reached b}' these gravels. 
The subsidence indicated by the tree stumps certainly took place 
during or since the deposition of the gravel deposit, and is shown 
by evidence shortly to l>e presented to he very recent. 

THE OLD FOREST. 

For the most part the mountains of southern Alaska are thickly 
covered with coniferous trees. The mountains in the vicinity of 
Glacier bay form a striking exception to this general rule, the 
shores of the upper part of the bay and the mountains to the north 
and east as far as the eye can see being without trees. Across the 
divide to the east, the mountains adjoining Lynn canal are forest 
covered. Passing down Glacier bay, trees begin to appear on the 
summits of the mountains on the east side about ten miles distant 
from the front of Muir glacier. Continuing to the south they be- 
come more numerous and extend further down the mountain 
slopes. The Beardslee islands, and old terminal moraine of the 
Glacier bay glaciers, near the mouth of the bay, are thickly cov- 
ered with trees. That the region now bare had its own forests at 
no distant date is clear. Mingled with the detritus on the sides 
of the mountains around Muir glacier fragments of old wood are 
so plentiful that our part}' never made a camp anywhere without 
finding plenty of it for fuel within a very short distance. The 
gravel deix)sit8 adjoining Muir inlet arc full of it, logs twenty or 
thirty feet long being not uncommon. Besides these loose pieces 
are the stumps m situ in the old soil upon which the gravel de- 
posits were laid down. * Fragments also occur plentifully on the 
islands in the bay. All this wood is surprisingly fresh, so that 
when dry it makes excellent fuel. Sections of it were examined 
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microscopically by Dr. F. H. Herrick of Adelbert College and 
compared with sections of the more common spruce now growing 
on the Alaskan mountains, and he pronounces them almost cer- 
tainly identical. 

Destruction of the Forest, — The trees were removed from this 
region by a recent advance and increase in size of the various 
glaciers in the vicinity. Those on the low grounds were partially 
preserved in position by the thickness of soft deposits laid down over 
them. The old trees appearing on the tops of the mountain ridges 
ten miles down the bay, mark the point beyond which the ice 
ceased to cover the tops of these ridges at its period of greatest 
extent, or at least the point where permanent snow fields ceased, if 
the main ice stream did not reach this hight. 

The bearing of this forest on the history of Mivir glacier. — South- 
em Alaska has all been glaciated. Since the retreat of the gla- 
ciers from most of the valleys their slopes have become densely 
clothed with timber. The evidence just presented seems to neces- 
sitate the conclusion that Muir glacier retreated much beyond its 
present position, and remained in that dwarfed condition at least 
sufficiently long to permit the growth of a multitude of great trees 
upon the mountains around Glacier bay and Muir glacier amphi- 
theatre. Then the glacier advanced and destroyed these trees. In 
this advance it extended down the bay nearly to the Beardslee is- 
lands, and in Mine inlet had a thickness at least 2,000 feet greater 
than at present. From this last advance it is now rapidly retreat- 
ing. The fresh condition of the old wood, its abundance on the 
mountains in protected spots, and the distribution of living trees 
in the lower Glacier bay region, all combine to render it impossi- 
ble to adopt Prof. Wright's suggestion that this old forest was 
pre-glacial, in the sense in which he uses it.* It is rather inter- 
glucial, and comparatively recent. Muir glacier has not steadily 
retreated since the great Cordilleran glacier began to vanish, but 
is now retreating from a comparatively slight advance which fol 
lowed upon the heels of a great and somewhat prolonged reces- 
sion. Already young spruces are beginning to shoot up here and 
there upon the timberless mountains, and it cannot be a matter 
of many centuries before they will again resume the characteristic 
Alaskan forest covering. Further evidence of the truth of this 
view is furnished bv a little coral, one of several found attached 

♦Ice Age in N(»rth America. 
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to the quartz outcrop of the Treadwell mine, and covered by a 
thin layer of sand and clay. This was brought to my notice by 
Mr. J. McDonald Calderwood, superintendent of the Treadwell 
mine, on Douglass island, opposite Juneau. The corals were found 
about 200' above tide. Dr. W. H. Dall identifies it as a Paracv- 
athus, agreeing well with the unfigured P. sheamsii Verrill, from 
Monterey. He thinks it improbable that it can exist in the cold 
Alaskan waters at the present day, though little is known of its 
distribution, and regards the specimen as probabh' Pleistocene. 
The coral became attached to the rocks when the region was de- 
pressed at least 200 feet below its present level, and during an ap- 
parently somewhat warmer period which followed on the heels of 
the great glaciation of the region. This agrees well with the evi- 
dence furnished b}' the forest, which also shows at least a small 
amount of oscillation accompanying the recent small glacial ad- 
vance. 

DISINTEGRATION OF THE ROCKS AROUND MUIR GLACIER. 

Its amount. — The rapidity with which the rocks of this vicinity 
disintegrate is very great. This however is much more true of 
the slate mountains than of those of limestone or diorite. The 
fissured condition of the rocks is a powerful aid to the ordinary 
disintegrating agencies which operate in high latitudes and on 
high mountains. The piles of debris that have accumulated 
since the retreat of the glacier are astonishing, considering the 
shortness of the time that has elapsed. Such masses are already 
beginning to accumulate, on the surface of the gravels, at the 
bases of the steep mountain sloi>es adjoining Muir inlet, although 
the ice can have retreated from them but a comparatively few 
years ago. Passing down the bay they increase much in size, and 
connect with debris streams lying in the gullies. In the Dirt 
glacier valle}' the great rapidity of this disintegration is best 
shown. The practically motionless ice occupying this end of the 
valley is covered for its full half mile of width with from two to 
four feet of slaty debris, which increases to a very considerable 
thickness near the sides of the valley. The larger part of this 
debris has fallen from the mountain sides, and in a not very great 
space of time. Such debris is also found to great extent around 
Pyramid peak. * 

* This is in accord with Mr» 1. C. KusseH's observations in southern 
Alaska. Bull. Geol. Soc. Am. Vol. I, p. 135. 
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Dt'hrU on glacierswept mountains. — In general the mountain 
slopes over which the ice has moved are swept pretty bare of loose 
material. On the other hand such material is always present to a 
certain extent. It is largely transported material, left there by 
the melting ice. Sometimes, as on H, where there is much loose 
material, it is clearly native and has not been removed. The 
mountain slopes all around the eastern portion of the amphitheatre 
are covered with a great amount of such material, extending for a 
considerable distance below the surface of the ice. Some of this 
is foreign material left on the slopes of the mountains 
as the ice decreased in hight, but a considerable propor- 
tion has disintegrated since the ice covering has been re- 
moved, and is yearly moving down the mountain sides 
aided by avalanches and spring floods, completely filling 
the gap slowly forming between the mountains and the ice. This 
also indicates the inertness of the ice of that portion of the glacier, 
the melting being more rapid than its slow flow away from its 
highest point. Even in more rapidly moving portions of the 
glacier this same phenomenon is manifested, as along the sides of 
nunatak H, and in the upper portion of the Dirt glacier valley. 

Size of moraines on Muir glacier, — This great rapidity of dis- 
integration, and its excessive rapidity in the case of the slates is 
further indicated by the great size of the moraines on Muir 
glacier, especially those on the eastern portion. These lie like 
great embankmeYits on the surface of the ice, are often of very 
considerable width, and contain an enormous amount of material 
most of which was supplied by the disintegrating mountain peaks 
along the sides of the old valley glaciers which supplied the ice 
now lying here. The whole surface of this portion of the glacier 
is thinly covered with fine dirt and sand, partially supplied by 
winds but largely embedded in the ice. The large amount of dis- 
integrated material that must have existed in this basin and which 
the glacier has removed, together with that constantly supplied 
during its existence would seem ample to account for the material 
that the glacier has brought, and is now bringing, down to Glacier 
bay, judging by the present rate of disintegration. The smaller 
size of the moraines on the central and western portions of the 
glacier is readily accounted for. The branches from the west and 
northwest are adjoined by (luartz-diorite mountains which dis- 
integrate much less rapidly than the slates, being fissured less 
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abundantly and more unequally. In the central part of the glacier 
most of the morainic material disappears down the crevasses.' The 
effect of the transition from smooth to rough ice on the appear- 
ance of the moraines is well shown on those which come down just 
to the west of H. After a crevasse is formed the sun melts back 
its north wall' rapidly, quickly converting a broad ridge of ice into 
a very sharp one, changing the appearance of the ridges quickly, 
and causing most of the moraine load to be dropped. * 

Snr/ace Features produced by Muir Glacier. Sur/a-ce produced 
on ridges at ri(^ht angles to the movement. — On all the mountain 
slopes which Muir glacier has overrun, a tendency toward the 
production of a surface consisting of small, shallow valleys sep- 
arated by low ridges is seen, lx)th trending in the direction in 
which the ice has moved. This configuration of surface is most 
marked on narrow ridges whose long axes make an angle approach- 
ing 90*^ with the direction of ice movement. Nunatak G, the 
ridge between the Western branch and the Dying glacier valley, 
and in a less degree the northerly spurs of Mt. Wright, present 
excellent examplest. • The production of such surfaces in this 
region depends on the presence and distribution of the fissure 
planes. Weathering takes place along these planes to varying 
depths, resulting in the loosening of V shaped blocks of varying 
sizes. After such decay has been in progress for a considerable 
length of time, a glacier riding over the ridge and removing 
loosened material will tend to leave a surface composed of ridge- 
like projections with shallow depressions between. This will be 
the more marked the more nearly the trend of the fissures coin- 
cides with the direction of the ice. Such a surface could scarcely 
be produced if the angle between these two was a considerable 
one. Even without the presence of the fissure planes it is con- 
ceivable that there would be a tendency toward the production of 
such surfaces in regions where rock decay had taken place to 
varying depths. But no such cause can be assigned here because 
the rapidity of disintegration prevents decay in place. 

Lakes. — On the tops of all the low mountains bordering Muir 

* In respect to the size of its moraines Muir glacier seems to be an 
exception to the generality of Alaskan glaciers that I have myself seea 
or have seen described. Compare 1. C. Russell, Bull U. S. Geol. Sur. 
Vol. I, p. 151. 

tJust such surfaces are figured by John Muir in his paper in the re- 
port of the cruise of the Corwln in the Arctic ocean — 1885 — on the 
glaciation of the region. 
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glacier over which the ice has swept, diminutive lakes occur. 
Two are found on nunatak H, five or six on G, several on the 
spurs of Mt. Wright, others on the ridges on the western side of 
the inlet, occasionallj' one on the islands in the bay. They occupy 
small depressions or basins on the tops of these ridges. 
Through a large part of the year these are filled with snow, but 
in all those obser\'ed this snow entirely disappears during sum- 
mer. Some of these small basins are dry for a part of the sum- 
mer, but in the case of most of them, either snow or water is 
found throughout the year. They depend solely on the precipita- 
tion for their water supply, and the loss is by evaporation mainly. 

They are all very small, only a few j'ards in diameter and with 
no great depth. Some of them clearly occupy rock basins, rock 
in place being readily traced all round them, the proof that ice has 
filled the basin being furnished by the striae which run in at one 
end and out at the other. Other lakes have a portion of their 
shores formed of glacial debris. The conclusion cannot be avoided 
that these hollows were the work of ice. In most cases the method 
of their formation seems clear. They mainly lie in the small val- 
leys on the mountain ridges, whose origin has been referred to,* 
occupying the most depressed parts of those valleys. The ice mov- 
ing down this slope must have impinged with great force at the 
bottom, tending to the production of a hollow, especially if aided 
by a somewhat greater amount of loosening of the blocks than 
usual. The sides of these valleys are not planed smooth by the 
ice, but present surfaces of considerable roughness. 

The rough edges have uniformly been somewhat smoothed, but 
the character of the surfaces seems to me to clearly show that the 
valleys and the basins have been formed hy the removal of 
loosened blocks, leaving a rough jagged surface whose edges have 
been smoothed and polished. 

The islands in Gfacier hay. — Several low islands project from 
the waters of Glacier ba}-, two of them occuring in Muir inlet. 
Upon them all, the two in Muir inlet especially, the ice must have 
exerted great force, for they lie directly in its path at a time when 
it was hemmed in between high rocky walls. Moreover the ice, 
in Muir inlet at least, had just passed from a wide amphitheatre 
into a narrow vallev, in which last it must have moved with con- 
siderably accelerated velocity. As a natural result the rocky 

♦See ante. 
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walls of this gap and the low crags occurring in it as islands are 
smoothed, polished and striated in a high degree. On the islands 
especially, beautiful examples of striae occur, following ever3' lit- 
tle irregularity which the sides present. Striae ascend and de- 
scend, both straight and obliquely; curve in various waj's and in 
various planes ; occur on the lower side of overhanging surfaces ; 
not uncommonl}'^ produce beveled edges. The ice evidently fitted 
itself to them like a glove. This local character of the striae on 
the mountains, in or adjoining the path of the ice is a noteworthy 
feature throughout this region, and very important in its bearing 
on the nature of the movement of glacial ice, close to the bottom 
and sides of its valley, showing a great complexity of movements de- 
pending on the configuration of the surface. Often the most in- 
significant obstacles suffice to cause a change in the direction of 
the striae. The finest example of striation in the region is fur- 
nished by the small limestone island in Glacier bay on which fos- 
sils were found. The whole island is covered from end to end 
with the freshest and prettiest striae one could wish to see, and 
examples are furnished of nearly all the variations that striae can 
exhibit. 

The gravels along Muir inlet. — These gravels have been described 
in a previous part of this paper, with mention of the fact that the 
ice overruns them, and of the evidence that it formerly did so in 
great mass and for a considerable lapse of time. 

These deposits are essentially unprotected and lie in the nar- 
rowest part of the narrow gap in which the ice must have exerted 
its greatest force. Yet in the last advance of the glacier over this 
spot a considerable thickness of these unconsolidated deposits 
was not removed, t 

Old surface features not ohlitrratnl. — On the mountains in Muir 
glacier basin from which the ice has recently retreated, surface 
features are occasionally observable which seem incompatible with 
the theory that glaciers vigorous!}' erode hard rock. For example 
on the east side of H, along and over which ice of great thickness 
must have moved, a gully exists running down the side directly at 
right angles to the direction in which the glacier is moving. This 
gully has no great width nor depth. It is inconceivable that ice 
moving along the sides of such a mountain should cut out a 
gully of the kind running down the mountain directly at right 

t See G. F. Wright. Ice age in North America, p. 203. 
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angles to the movement of the ice. On the contrary had the 
glacier been vigorously eroding the mountain side its tendency 
would have been to obliterate the gully by grinding down the 
sides to an equality with it. That the gully was filled with ice 
moving along it and at right angles to the motion of the main 
mass is shown by the perfectly preserved strise in the gully having 
that direction, while the stride on the mountain sides close at hand 
have the direction of the main movement. Granting the erosive 
power of glacial ice, the slow moving tongue of ice in the gully 
could have had little erosive power compared with the great mass 
sweeping over it along the side. Hence the erosion should have ) 
caused its disappearance. That the glacier has done little more / 
than to remove the loosened rock and polish the resulting surface 
is shown in a vast number of localities here by the character of 
that surface. Where the ice has been forced through a narrow 
gap the sides of that gap are planed to a pretty smooth surface. 
Where it has run against an obstruction in its path it has* 
pretty thoroughly polished the sU)bb side. Otherwise the surface 
presented is a somewhat jagged one with the rough edges ^^ol- 
ished but not much planed down, showing that after the loose, 
fissured material was removed, leaving a somewhat pitted surfacCy 
the ice was even unable to obliterate the traces of the cavities ,,, 
from which the last blocks were removed. This naturally is more 
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especially true of the harder eruptives than of the softer rocks, . i-t 

and such surfaces are well shown on G and H. ^' ^ 

Sediment brought down by strenma. — Estimates of the amount ^-'^-^"^^^ 
of material brought down by the glacier ai*e difiScult to obtain 
owing to the fact that the material is all carried into the sea, that 
the number of sub-glacial streams is not known, and that there is 
no evidence that those which issue from the ice directly into the 
water carry as much sediment as those which issue from the cor- 
ners and flow through the gravels. I could find no evidence incon- 
sistent with the supposition that the debris falling on the surface 
of the ice yearly, together with the previously disintegrated 
material which the ice has removed and is removing is amph'^ 
sufficient to account for all the detritus deposited at the front of 
the glacier. The amount of material in sight on the surface of 
the glacier is enormous. 

Bock basins. The manner of occurrence of the small rock 
basins found in the district has already been given, together with 
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the evidence that they have been scooped out by the ice. Even 
this however, at least in the case of ail which I saw, does not seem 
to me to necessitate the theory of the great erosive power of ice. 
All these basins which 1 saw lie in small valleys on the mountain 
tops whose presence seemed to depend on the fissure systems and 
on the varying depths to which loosening of blocks had taken 
place. They lie at the foot of slopes down which the ice moved 
impinging with unusual force at its base, where the greatest 
amount of polishing and striating has taken place. 

Those who hold the power of glaciers to vigorously erode hard 
rock under most circumstances it seems to me take an indefensi- 
ble iX)sition. At Muir glacier, in just the position where the 
greatest erosion would naturally be expected, soft gravels have 
been undisturbed by the ice. The key setting forth when glaciers 
will erode and when not, is certainly lacking at present. 

It is very advisable that a prolonged and detailed study of Muir 
glacier should be undertaken. It is a comparatively large glacier 
rapidly dying out, and presents an admirable opportunity for 
studying the behavior of a large glacier under such circumstances. 
Such work could not fail to prove of great value. 



PLEISTOCENE PAPERS AT THE WASHINGTON 

MEETINGS. 

The following brief notes of papers treating of the Pleistocene 
or Glacial period are arranged in the order of their presentation 
befoi'e the three successive scientific meetings in Washington, D. 
C, August 17th to September 1st, 1891. 

American Association for the Advancement of Science. 
Section E. Geology and Geography. 

Source of supply to lateral and medial moraines. B\' John 
T. Campbell. A short paper, describing moraines in Indiana. 

Postglacial anticlinal ridges near Ripley and Caledonia, ^etr 
York. By G. K. Gilbert. In Ripley, the most western town- 
ship of New York bordering lake Erie, a cliff of Devonian shale 
forming the lake shore displays a small anticlinal disturbance of 
the beds, which at the surface are raised in a ridge six or eight 
feet high. This disturbance extends down in gradually diminish- 
ing amount through the 40 feet to the lake level, but apparently 
not much lower. Like other small ridges of Devonian shale in 
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northwestern Ohio, and of Trenton limestone in northern New 
York, the}' are shown to have been formed after the departure of 
the last ice-sheet, and are attributed to the postglacial rise of 
temperature and consequent expansion of the rocks. 

Another locality of somewhat similar phenomena is at Lime 
Rock, close west of Caledonia and near the east line of LeRoy, 
Geneaee county, N. Y. A great number of small anticlinal ridges 
there seen are postglacial, but they diflfer in type and probably in 
origin from the foregoing. They are mainly parallel with each 
other and with the strike of the strata, and the anticlinals are 
usually unsymmetric and much fractured. The surface rock is 
Comiferous limestone, underlain by Salina shales, in which a few 
miles northward the drill has discovered a bed of salt. Strongly 
saline springs show that here salt and gypsum are being removed 
from the shales somewhat rapidly by underground drainage, and 
Mr. Gilbert concludes that the overlying limestone sinks in large 
masses, and that the ridges are the superficial phenomena of the 
partings of these blocks. 

In the discussion of this paper, Prof. E. W. Claypole spoke 
of the irregular sinking of the surface in the salt mining district 
of Cheshire, England, whereby buildings and chimneys are 
<^aused to lean and fall if not rebuilt. 

ProccHnes of mountaiu-huilding and their relationship to the 
earth's contraction. Bj' AVarren Upham. The concluding part 
of this paper pointed out the evidences of unusual activity of 
the forces which produce folding of mountain ranges, eruption 
of lavas, and epirogenic uplifts and subsidences, during the 
Pleistocene period, in comparison with previous geologic time 
since the end of the Palaeozoic era. To this Pleistocene or Glacial 
period belong much plication and uplifting of the Coast range, of 
the St. Elias range, of the Sierra Nevada, Wahsatch, and other 
Basin ranges, and much of the grand outpouring of lavas from 
Lassen Peak and Mt. Shasta northward along the Cascade range 
and eastward to the Yellowstone National Park. 

In the ensuing discussion. Prof. Joseph Le Conte referred to 
the proofs of great Pleistocene uplifts of North America, shown 
by river channels submerged by the sea to depths of 2, 000 to 
3, 000 feet on both the Atlantic and Pacific coasts. 

On the cranial characters of Equus excelsus Leidy. By E. D. 
Cope. Exhibition of the skull of an extinct horse from the 
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£quas beds of western Texas, with which stone implements are 
also found, embedded in the same stratum. This skull was- 
broken in upon the forehead, as if by a rounded stone used as a 
weapon ; and it was suggested that the prehistoric extinction of 
the genus Equus on this continent, as also of other large Pleis- 
tocene animals, may have resulted from their chase and slaughter 
for food by the contemporaneous savage tribes of men. 

ExJiihition of certain hones of Megalonyx not hefore knoirn. 
By James M. Safford. The bones were recentl}' found em- 
bedded in earth on the floor of Big Bone cave, in eastern Tenne- 
see. They include the pelvis, and supplement the collection of 
Megalonyx bones long ago found in the same cave and descril)e<l 
by Leidy. It is therefore likely that the two collections represent 
the same individual. The lateness of extinction of this animal 
is indicated by portions of the cartilage of the joints still adher- 
ing to the bones. 

Prof. P]. D. Cope, in discussion, stated that Megalonyx appears 
to have been an exclusively North American genus. 
y On the probable existence of a second driftless area in the Mix- 

'^'^ sippi basin. By R. D. Salisbury. This area lies in the space 
between the Mississippi and the Illinois river near the mouth of 
the latter stream, and is comprised in Calhoun county and the 
southern part of Pike county, Illinois. Its extent is perhaps 5(K> 
square miles. Hundreds of good sections obser\'ed on the high 
summit plain of this area and at heads of its ravines show no 
glacial drift or till. On its borders the drift is attenuated, like 
the tracts of the earlj' drift sheet bordering the Wisconsin drift- 
less area. The topographic features of castellated rock cliffs and 
pinnacles are similar in both these areas. The surface of this* 
smaller driftless area is mostly loess, from 15 to 50 or 60 feet in 
thickness; and this is often seen to rest .conformably on a gmvol 
and sand deposit, which may be the representative of the La- 
fayette formation or Orange Sands. 

The Cincinnati ice dam. By Frank Leverett. Examination 
of the Ohio valley during this summer shows that fine j^ilt over- 
lies the till along the valley both above and below Cincinnati. 
This silt constitutes a continuous formation^ and must l>e 
ascribed to deposition during a time of very gentle drainage sub- 
sequent to the retreat of the ice-sheet from its extreme limit, 
which crosses the Ohio river into Kentucky as traced by Prof. Ci. 
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F. Wright. The ice dam which Wright and others supposed to 
have turned the Ohio temporarily out of its valley, so as to flow 
around the ice-front, producing a lake above Cincinnati, was not 
the cause of this silt deposit, nor of the conspicuous terraces of 
the Ohio, Monongahela, and Allegheny rivers, which are of 
fluvial origin, sloping in the same directions as the present 
streams. 

Prof. J. W. Spencer, in discussion, stated his belief that de- 
pression of the land to the sea level accounts for the silts of these 
valleys and for the Pleistocene shore lines about the great lakes 
tributary to the St. Lawrence. 

President T. C. Chamberlin replied that in basins sloping 
northward the receding ice-sheet, pausing at many stages which 
are marked by moraines, was a barrier holding these lakes at the 
higher levels of their ancient beaches. 

The attitnde of the eastern and central portions of the United 
Statea during the Glacial 2)eriod. By T. C. Chamberlin. The 
deposition of loess in the lower Mississippi valley was contem- 
pomneous with the maximum extension of the ice-sheet in this 
basin, during the earlier great epoch of glaciation. The attitude 
of the land was then low, with verj- slack drainage, allowing this 
fine silt to be spread by broad river floods or in shallow lakes. 
A long interglacial epoch followed, in which the Mississippi basin 
was moderately uplifted, with increasing amount toward the north. 
Great erosion of the loess and of the underlying gravel and sand, 
formerly called Orange Sand but now named the Lafayette forma- 
tion, took place during this interglacial time. The waters flowing 
from the ice-sheet and terminal moraines of the later glaciation 
carried much gravel, sand, and fine silt into the channels of trib- 
utaries of the Mississippi, and along the broad, deeply eroded 
valley of this river, showing conditions of drainage similar to 
those of the present time. On the Atlantic coast marine cla3's 
overlying the till in southern Maine, along the St. Lawrence, and 
in the basin of lake Champlain, proved that during the maximum 
advance of the ice-sheet and its recession the land was depressed 
somewhat lower than now. President Chamberlin therefore con- 
cludes that the Ice age was not attended by any high elevation of 
these regions. [See this paper in the Nov. Geologist.] 

Mr. Warren Upham, in discussion, noticed that this paper 
treated only of the closing part of the epochs of glaciation, when 
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the ice attained its farthest limits and especiall}' when it was 
rapidly retreating. He thought that the view presented first by 
Dana, in his address as retiring president of this Association in 
1855, is more probable, namely, that a great elevation of the 
country, shown by fjords and deeply submerged valleys, at- 
tended and caused the ice accumulation; that the time of de- 
'parture of the ice was one of depression, which we now recog- 
nize to be due to the vast pressure of the ice itself; and that 
there has been a partial re-elevation since the Glacial period. 

Neocene and Pleistocene continent movements. W J McGee. 
Changes in the relative hights of land and sea on the coastal 
plain of the southern Atlantic states during the later part of the 
Tertiary era and in the Pleistocene period are shown by the Ches- 
apeake, Lafayette ( formerly called Appomattox), and Columbia 
formations. The Chesapeake formation, consisting of fine sands 
and clay, of Miocene age as known by its fossils^ was deposited 
during a marine submergence of the coastal plain and edge of 
the hilly Piedmont belt. After an interval of moderate uplift 
and erosion, the next overlying Lafayette formation, considered 
provisional!}' as Pliocene, was deposited, consisting of gravels, 
sands, and fine loams. These are referred to marine sedimenta- 
tion of the tribute brought by inflowing rivers from the adjacent 
Piedmont and Appalachian belts, the amount of submergence 
below the present sea level being several hundred feet. No fos- 
sils, however, are found in this formation. Directly following 
the time of the Lafayette deposition, a prolonged stage of high 
land elevation is shown by deep channelling of the Lafayette 
beds, and by great erosion of gorges in the hilly and mountainous 
belts on the west. The next epoch of deposition is the Colum- 
bia, correlated with the earlier glacial epoch, when gravels, sand, 
clay and loam, destitute of fossils and enclosing occasional ice- 
floated boulders, were deposited along the river valleys and over 
considerable areas of the coastal plain. This formation is re- 
garded as evidence of estuarine and marine submergence, do- 
creasing from a depth of fully 400 feet in the latitude of New 
York to 150 feet at Washington and perhaps 75 feet in the lati- 
tude of Cape Hatteras, but thence increasing to about 700 feet 
on the Savannah, again diminishing to less than 50 feet at Mobile 
bay, and again increasing farther westward and northwestward. 
The Columbia de^wsition, like the Lafayette, was immetliately 
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followed by a stage of greater elevation than now, with active 
erosion. 

Prof. E. W. HiLGAKD, in discussion, described the cross-bed- 
ding or *^flow and plunge structure " of the Lafayette formation 
along the Mississippi valley, attributing it to fluvial instead of 
marine deposition. The size of its pebbles on the lower Missis- 
sippi indicates for the river during the Lafayette epoch a gradient 
which would place the northern portion of its basin probably 
3,000 feet higher than now. 

Prof. C. H. Hitchcock referred to the marine beds of Maine, 
the St. Lawrence, and lake Champlain, enclosing arctic species of 
shells, as proof of subsidence of that region while the climate of 
the Glacial period still lingered there. 

Mr. Upham regarded the Lafayette and Columbia formations 
as fluvial deposits spread upon the coastal plain during epochs of 
plateau-like high altitude, and correlated these formations re- 
spectively with the flrst and second great glacial epochs. Before 
each of these stages of continental elevation, the. Piedmont and 
Appalachian regions had long lain at lower altitudes, and their 
surface was largely occupied by residual clays and by alluvial 
sand and gravel. With the elevation of the region, increased 
rainfall and snowfall and resulting river floods swept away these 
superficial materials from the mountain valleys and spread them 
on the plain, where the streams expanded over broad areas with 
shallow and slackened currents. When soon the supply of ma- 
terial decreased, the streams cut deeply into this plain. The 
Indo-Gangetic plain, south of the Himalayas, was cited as an 
analogous fluvial formation of vast extent and rising from the 
sea level to an altitude of more than 900 feet. 

A study of the fossil avifauna of the Silver Lake region, Ore- 
gon. By R. W. Shufeldt. Many bones of birds are found in 
the Equus beds of this district. About fifty species of birds are 
determined, of which fifteen or sixteen are extinct, the propor- 
tion being nearly the same as of the associated mammalia. 
Nearly all are water birds, but the prairie hen was also abundant. 
Among the extinct species are a fiamingo, a heron, a raven, and 
a blackbird. 

The highest old shore line on Mackinac island. By F. B. Tay- 
lor. Five well-marked beach ridges of gravel and sand are 
found on this island, adjoining the strait between lakes Huron 
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and Michigan, at bights from 170 to 205 feet above the level of 
the iakey and strait. Proceeding thence about forty miles south- 
westward to Petoskey, the highest of these beaches gradually 
declines to about 100 feet, having a gradient of 2^ feet per mile; 
but l)eyond Petoskey it falls only six inches per mile. Higher 
shore lines are found on the mainland, but not on this island, 
which attains an altitude of about 300 feet. 

Strio' and Slickenskles at Alton^ JlUnoiit. By J. E. ToDD. 
Descriptions of superficial stria?, and of slickensided rocks 
exposed by quarrj' ing. The two were regarded by the speaker 
as of similar origin, and therefore not indicative of ice action ; 
but Prof. Salisbury and Mr. Leverett, who had also seen these 
:stri«. confidently regard them as glacial marks. They are situ- 
ated within the drift-bearing area, near its boundary. 

Geological Society of America. 

On the Quaternary changes of level in Scandinavw. By 
Baron Gerard de Geer, of Stockholm, Sweden. Fossiliferous 
marine beds and former shore lines, overlying the till, occur in 
Sweden and Norway, increasing in hight toward the interior of 
the countrj'. The greatest elevation at which they have been 
found is 800 feet, and a continuation of their gradient to the 
axial area of the Scandinavian ice-sheet would imply a maximum 
depression of the land there to a depth of fully 1,000 feet. At 
the time of this occupancy of the lower portions of the country 
b}' the sea, not more than one two-hundredth part of the ice re- 
mained still unmelted. In places shallow straits stretched across 
southern Sweden, but the enlarged Baltic sea on the east side of 
this peninsula was only brackish, lacking much of the saltness of 
the ocean. After this submergence, the land was uplifted some- 
what higher than now, perhaps as much as 100 feet; and the cli- 
mate or at least the temperature of the sea was warmer than now, 
as is shown by southern species of shells in the kjOkken-mM- 
dings. xVnother depression of the land ensued during the early 
part of the Neolithic age, when there was a marine submergence 
to the extent of 100 feet at Stockholm and al)out 200 feet in some 
other parts of southeastern Sweden. The first and greater de- 
pression closely attended the latest glaciation, and in some places 
reached its maximum after the retreat of the ice; and the second 
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depression, within Neolithic time, was probably only a few thou- 
sand years ago. 

Midr glacier and its vicinity. Bj* H. P. CusHiNO. An inter- 
•esting description, with lantern illustrations. The rate of glacial 
motion near the border, according to Mr. Cushing's measurements, 
is four to eight feet per day, being much less than the rate deter- 
mined by Wright for the more central portions of this famous 
Alaskan glacier. [See this paper, p. 207.] 

The preaent standing of the several hypotheses of the cause of 
the Glacial period. By Thomas C. Chamberlin. The restric- 
tion of the great areas of Pleistocene glaciation to one side of 
the northern hemisphere forbids our receiving the ingenious 
astronomic theory of the late Dr. CroU as an adequate explana- 
tion of the causes of the Ice age. Also, from the line of argu- 
ment employed by the speaker in his previous paper before the 
American Association, the theory of high uplifting of the land 
to account for the ice accumulation seems equally untenable. 
An elevation of 10,000 or 15,000 feet would probably be re- 
quired, and this great uplifting must be shown to have been con- 
temporaneous and co-extensive with the glaciation. Therefore, 
finding no evidence of such continental elevation, the most prob- 
able theor}' is believed to be that of changes in the position of 
the earth's axis and its poles, bringing the glaciated countries into 
high latitudes with arctic climate. A paper presented before the 
astronomic section of the American Association at this meeting 
b\' Prof. George C. Corastock, on '* The secular variation of ter- 
restrial latitudes," shows that a slow change in the place of the 
north pole is now in progress and has amounted to four and a half 
seconds during the past century. Such movement of the pole 
may have been more rapid during the Glacial period. If the 

north pole were transferred fifteen or twenty degrees toward the 

« 

south end of Greenland, the drift-covered areas of North America 
and Europe would be brought into latitudes favorable for their 
envelopment by ice. 

Prof. C. H. Hitchcock, *in discussion, suggested that the sun's 
heat may have been variable, being considerably diminished dur- 
ing the glacial epochs. 

Prof. N. S. Shaler distrusted the explanation by movement of 
the earth's axis, and inclined instead to believe that geographic 
changes during the Glacial period induced cool and humid cli- 
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mates, with abundant snowfall but not excessive cold, where the- 
ice-sheets were accumulated. 

Mr. Warren Upham referred to recent calculations by Prof. 
T. G. Bonney, that a decrease of about fifteen degrees in the- 
mean temperature of Europe and North America might reinstate 
a glacial epoch. For this change, according to observations of 
mean temperature as dependent on altitude, an elevation of 5, 000 
feet, or probably even of 3, 000 feet, would suffice. Fjortls of 
Arctic and northern shores of all glaciated regions, the continua- 
tion of the Hudson valley to a depth of 2, 800 feet below the sea 
level, and equally deep submerged valleys on the coast of Cali- 
fornia, demonstrated by Le Conte to belong to the Pleistocene 
period, show that the unique Ice age was closely attended by a 
very remarkable epirogenic uplifting of this continent. Two so- 
wonderful geologic episodes probably sustained causal relations^ 
to each other, the great elevation being the cause of cool climate 
and ice accumulation. Such geographic changes seem also more- 
likely to come on rapidly, to cease by ensuing depression, and 
afterward to be renewed, than would seem possible for changes- 
of the poles. The present rate of change of the north pole is 
about 450 feet during a hundred years, but the distance that it 
should be removed to produce each glacial epoch of the two or 
more recognized within the Pleistocene period is 1,000 or hSOO* 

miles. 

On the northward and eastward extension of Pre- Pleistocene 

^ gravels in the basin of the Mississippi. By R. D. Sali8BI:rv. 
The Lafayette formation is found to extend beneath the glacial 
drift in western Illinois about 100 miles northward from the drift 
boundary, to the vicinity of Keokuk, Iowa. Farther to the north,, 
at Rock Island, the same formation is known to have existed, for 
pebbles of its gravel occur In the drift. Some of the gravels of 
the driftless area in Wisconsin are probably also of Lafaj'ette age. 
In the Ohio basin the Lafayette gravel contributed to the drift as 
far eastward as the southeast corner of Indiana. 

On certain v.rtra-morainic drift pheitonie.na of New Jersey, By 
R. D. Salisbury. Deposits of undoubted till have l)een discov- 
ered five to twent}' miles south of the terminal moraine which 
was mapped about fourteen years ago across northern New Jersey, 
and which has since been supposed to be the extreme limit of 
glacial action. The lx)ulder8 and smaller rock fragments of this- 
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till are much decayed and colored by oxidation of their iron. 
A large proportion of them yet show glacial striation, and this is 
notably true of the occasional masses of soft shale, which could 
not endure water ti*anspoitation. In one place the till lies on a 
highland 300 feet above the moraine, which is there three miles dis* 
tant to the north. The thickness of this extra-morainic till ranges 
from 30 to 70 feet, as shown by sections and wells. Judging from the 
contrast in their degrees of oxidation, this till appears to be surely 
ten times and quite probably fifty times older than the moraine. 

Inequality of distribution of the englacial drift. By Wareen 
Upham. The detritus which was contained within the ice-sheet, 
called englacial drift by president Chamberlin, is very unequally 
distributed. Tracts in New England, New York, Minnesota, and 
Manitoba, were described, some of them notable for the abun- 
dance and others for the scantiness of the englacial drift. Its 
amount or average thickness held within the ice at the time of its 
final melting and then exposed on the ice surface, as on the 
present Malaspina glacier at the foot of the St. filias range, is 
estimated to have varied, in the northern United States and in 
Manitoba, from almost nothing to about forty feet. The rela- 
tionship of the englacial drift to the terminal moraines, and the 
forms in which it was deposited during the departure of the ice, 
namely, as englacial till, perched blocks, kames, osars or eskers, 
valley drift, loess, and deltas of glacial lakes or of the sea, were 
briefly noticed. 

Defloration and deformation of alluvial deposits in New Eng- 
land. By Homer T, Fuller. Effects of drought and winds on 
sandy river terraces, producing dunes since the clearing of the 
original forest, were described; and the speaker recommended 
the re-foresting of many of these tracts. 

Oa a deep boring near Akron, Ohio, and its significance. By 
E. W. Claypole. a preglacial or interglacial channel of the 
Cuyahoga river in the south part of Akron, now filled with silt, 
has a depth of 390 feet. In another channel somewhat farther 
east and tributaiy to the foregoing, a boring this summer passed 
through about 150 feet of gravel, in which, near the underlying 
rock-bed, a stone arrow-point was found. 

International Geological Congress. 

The second day of the Congress was devoted wholly to discus- 
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«ioii of the classification of Pleistocene formations. President 
Chamberlin opened the discussion by remarking that it is possi- 
ble to classify these deposits upon three bases: 1. Structural; 
2. Chronological; 8. Genetic. He then presented, in printed 
form, a '* Proposed genetic classification of Pleistocene glacial 
formations." The general classes were noted as follows: — 

T. Formations produced by direct action of Pleistocene 
glaciers. 

IT. Formations produced by the combined action of Pleis- 
tocene glaciers and accompanying glacial drainage. 

III. Formations producied by glacial waters after their issu- 
ance from Pleistocene glaciers. 

I^^ Formations produced by floating ice derived from 
Pleistocene glaciers. 

\ . Formations produced by shore ice and ice floes due to low 
Pleistocene temperature, but independent of glacier action. 

?VI. Formations produced b}' winds acting on Pleistocene 
glacial and glacio-fluvial de]:K>sits under the peculiar conditions of 
glaciation. 

The first class includes (1) subglacial till, drumlins, and sub- 
marginal or lodge moraines, these being products formed at the 
base of the glaciers; (2) dump moraines, englacial till, and 
medial moraines, these being products derived from material 
borne on the glaciers and within them ; and (8) push moraines, 
and lateral moraines, these being products of the mechanical 
action of the edge of the ice. 

I'^nder the second class are osars, kames, overwash aprons, and 
other tracts of assorted drift. 

The third class comprises valle}' drift, loess, and deltas formed 
in lakes or the sea. 

The type of the fourth class is glacio-natant till, which is sup- 
posed to be deposited in glacier- fringing lakes or in the ocean. 

In the fifth class are various shore ridges, littoral deposits, and 
ofl" shore deposits. 

To the .sixth class dunes and eolian loess ma}' l)e referred. 

In discussion of this scheme of classification. Prof, Albert 
O.vi'DRv spoke of the Quaternary faunas of the Paris basin, of 
England, (lermany, and Italy, some Of which impl}' cold and 
others warm climatic conditions. 

Prof. H. Credxer and Baron de Geer approved the foregoing 
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classification; bat the latter would distinguish the marine de- 
posits as a separate class. 

Prof. T. McKenny Huohes explained the abundance of 
striated boulders in one part of the glacial deposits and their 
absence in another. If the supply of material ( that is, of rock 
masses projecting above the ice ) ceases at an}' point, then all the 
boulders will gradually sink through the ice and become glaciated 
at the bottom. He thought it advantageous to distinguish long 
gravel ridges by the name osars, and short ridges and knolls as 
kames. He expressed his opinion that the Ice age was a single 
continuous cold period, in England at least, except for slight 
and unimportant oscillations in the extent of the ice-sheet. It 
was probably introduced by a stage of ver}' high land eleva- 
tion. 

Dr. F. Wahnschaffe preferred a chronological classification.. 
In northern Germany the ground-moraines of two distinct glacial 
epochs are separated by fossiliferous sand and gravel oT inter- 
glacial age. 

Prof. H. Credner thought these stratified beds between de- 
posits of till to be merely local, indicating some retreat and read- 
vance of the ice-sheet but no interglacial epoch. 

Prof. A. Pavlow urged the need of a more satisfactory defini- 
tion of the Pleistocene period. 

Baron de Geer recognized t^o glacial epochs in Sweden, due 
to two great oscillations. These cannot always be separated, as, 
for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to 
the field geologist. 

Dr. Wahnschaffe replied to Prof. Credner's assertion that 
there is no proof of an interglacial epoch in northern Germanj'. 
He thought that the existence of a diluvial fauna between the two 
tills is sufficient proof. 

Prof. Credner replied that no complete skeleton has been 
found, but only single bones which may have been transported 
and deposited with the gravel. 

Dr. Wahnschaffe again replied that the bones occurring in 
these gravels are proportionatel}' large, when compared with the 
gravels, and therefore cannot well have been transported from a 
distance. 

Prof. N. S. Shaler stated that organic deposits may occur 
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v«ry near the ice-sheet, which allows an interweaving of organic 
and glacial de|x>sits. 

Mr. G. K. Gilbert remarked that in Alaska, according to Mr. I. C. 
Russeirs obser\'ations, the waning ice-sheet becomes covered with 
drift and even with a growing forest, in which bears and other ani- 
mals live. 

Dr. Carl Diener suggested that intercalated beds of sand are no 
positive proof of interglacial epochs. In the Austrian Alps moraines 
no more than twent}' 3''ears old are covered with pasture, and in 
the Caucasus the rhododendron grows to the very edge of the ice. 

Dr. N. 0. HoLST mentioned two moraines separated by inter- 
polated sand, and thought that the}' might both have been formed 
b}' the same ice-sheet. The melting of the ice leaves an unoxi- 
dized ( blue ) grOund-moraine, with an overl3'ing oxidized ( 3'ellow ) 
upper moraine. This also occurs in northern Sweden, where 
there is no indication of a retreat of the ice. 

Baron' de Geer could not understand the occurrence of thirty 
or forty feet of stratified sand between two moraines of the same 
glacial epoch. The colors are sometimes the reverse of what has 
lieen stated by Dr. Hoist, and the boulders in the two moraines 
have been derived from diflferent sources. 

Mr. James C. Christie described the section of peat and silt be- 
tween two layers of till, occurring on the river Clyde above Glasgow. 

Mr. Henry M. Cadell reported five distinct layers of till oc- 
curring in a preglacial river channel in eastern Scotland ; and also 
mentioned another river channel, filled with coarse gravel derived 
from rocks occurring farther north in Scotland, which was covered 
with a later lajer of boulder clay. 

Mr. W J MgGee mentioned the importance of land forms in 
interpreting geologic processes. Any primary- geologic classifica- 
tion must be genetic, but he preferred a comprehensive scheme of 
classification of all Pleistocene formations, whether of glacial or 
other origin, making thus five classes : A. Aqueous ; B. Glacial ; 
C. Aqueo-glacial; D. Eolic; and E. Volcanic. 

President Cuamberlin, in closing the discussion, said that 
there is great diflSculty in applying a chronologic classification, 
and that such a classification may even act as a barrier to obsers'a- 
tion and to the recognition of the truth. Chronologic classifica- 
tion is the ultimate goal of glacial studies, but it is something for 
which we are not as yet prepared. Bed, oxidized subsoils are 
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uot developed in northern latitudes. Organic deposits between 
glacial layers are abundant in the West, but do not belong to a 
single horizon. Many facts of erosion and physical geology in- 
dicate that the Glacial period in America was widely differentiated 
and of long duration. How many distinct epochs it embraced we 
do not as yet know. 

Prof. E. D. Cope asked leave to add a remark concerning Pleis- 
tocene palaeontology. An abundant tropical fauna is found in the 
Equus beds. If these are of interglacial age, there is indicated 
for that time a very warm climate. This fauna is succeeded by a 
truly boreal fauna. These may become the basis of a chronologic 
subdivision of Pleistocene deposits. 

Dr. Hans Reusch, of the Geological Survey of Norwaj', ex- 
iiibited slabs of sandstone bearing Palaeozoic glacial striae and 
furrows, from the Varanger fjord (noticed in the Am. Geologist, 
vol. VII, p. 388, June, 1891). 

During the afternoon of a later day of the Congress, some of the 

geologic features of the country to be traversed by the western 

excursion, which started immediately after the adjournment, were 

described. The Pleistocene topics were the following: President i^ 

CiiAMBERLiN, ou the seHcs of terminal moraines, the driftless • 

area of Wisconsin, the recession of the falls of St. Anthony, the 

glacial lake Aigassiz, etc. , and Mr. Gilbert, on lake Bonneville, 

whose area will be entered b}" the railway excursion party through 

Cache valley, the old outlet of that lake, and on the recession of 

the falls of Niagara, which will be visited after returning from the 

Far West. 

Under the courteous guidance of Mr. N. H. DARTON,of the United 

States Geological Survey, many of the members of the Congress 

examined sections of the Potomac, Severn, Pamunke}^, Chesapeake, 

Lafayette, and Columbia formations in Washington and its vi- 

-cinity and along the lower course of the Potomac river or estuary. 



EDITORIAL COMMENT. 



The International Congress of Geoixksists. Washington Meeting. 
The late session of the International Congress, while an im- 
portant event which will bear fruit in the near future conducive 
to the progress of the science of geology, cannot be said to take 
*qual rank with those which have preceded it. It afforded great 
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pleasure tx) numerous American geologists to meet the continental 
geologists of Europe, with whose work they had become familiar, 
but whose faces they had never seen, and to grasp by the hand 
some of those whom they had previously known only through the 
exchanges of formal correspondence. But the English-speak- 
ing American, while heartily welcoming the small number of geol- 
ogists present from Great Britian, was much disappointed that 
the meeting was largely ignored by the body of English geolo- 
gists. He was still more surprised that his English-speaking 
cousin, who dominates the American continent from the great 
lakes to the northern pole, should have but two nominal represen- 
tatives. Not one official geologist of either Great Britain or 
Canada attended the congress. This anomalous and significant 
fact may be susceptible of an explanation which will not impli- 
cate an}^ one in any unpleasant, manner, but at the present time 
it bears the prima facie evidence of some common cause, by 
reason of which our nearest allies preferred to express their 
sense of disapproval by dignified non-attendance. 

From Germany there was a large delegation — twenty -three 
geologists — , from Mexico three, from Peru one, Roumania two 
(each accompanied by his wife), from Russia eight, (Prof. Pavlow 
also had his wife with him), from Sweden four, Norway one, Bel- 
gium three, Switzerland two, Austria-Hungary three, Chili one. 
and from France five. From the United States one hundred and 
forty-eight were registered (including ladies), of whom fifty-three 
are connected with the United States Geological Survey. Ten 
active *' state geologists*' were present, and other state surveys 
( Michigan and Kentucky ) were represented by geologists em- 
ployed thereon. From New York city six attended, and from 
other parts of New York state eleven. From Philadelphia came 
six, and. from other parts of Pennsylvania three. There were 
four from Baltimore, and none from other parts of Maryland. 
New Hampshire and Vermont each sent one. Massachusetts sent 
fourteen, Connecticut four, and Rhode Island two. There was 
one present from New Jersey, one from Virginia, and one from 
West Virginia. Two registered from North Carolina, and one from 
South Carolina. There was one each from Florida, Georgia, Arizona 
and Alabama, and three came from Texas. From Arkansas three 
were present, from Missouri five, from Colorado, S. Dakota, Kan- 
sas and Nebraska one each, and from California four. Ohio sent 
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siX) Indiana and Minnesota each one, and Iowa and Illinois five 
and four respectively. Michigan had three representatives, Ken- 
tucky one and Tennessee one, and Wisconsin four. From the Dis- 
trict of Columbia there were sixtj'-three members of the congi'ess. 
The congress was organized by the election of the following: — 

Bureau. 
Presidents iV honneur. 
James Hall. James D. Dana. 

President. 
J. S. Newberr)\ 

Vice Presidents. 
Allemange — K. von Zittel and H. Credner. 

Anoleterre — T. McK. Hughes. Autriciie — E. Tietze. 

AusTRALiE — Arch. Liversidge. Belgique — E. Van der Broeck. 

Canada — J. C. K. Lallamme, Thos. Macfarlane. 

Chili — F. I. San Eoman. Hongrie — Joseph von Szabo. 

Danemark — F. Johnstrup. Indes — F. R. Mallet. 

EcossE — H. M, Cadell. Irlande — A. Sollas. 

EsPAGNE — M. F. de Castro. Italie — G. Uzielli. 

France — A. Gaudry, Mexique — A. del Castillo. 

Chas. Barrois. 
NouvelleZelande — F. Hutton. Xorvege — II. Beusch. 

Portugal — J. F. N. Delgado. Suede — Gerard de Geer. 

RouMANiE — G. Stefanescu. Suisse — H. Golliez. 

RussiE — Th. Tschernyschew. Etats-Unis — Joseph Le Conte. 

F. Schmidt. J. W. Powell. 

A. Pavlow. Raphael Pumpelly. 

Secret(t ires genera ux. 

H. S. Williams, S. F. Emmons. 

Secretaires. 

J. C. Branner, Emm. de Margerie, 

G. H. Williams, F. Freeh, 

C. Diener, Whitman Cross. 

Tresorier. 
Arnold Hague. 

The following abstract of the proceedings of the congress is 
taken from the daily printed record kept hy the secretaries, and 
is *< subject to revision." 

SESSION OF Aua. 27 , 1891, 11.40 a. m. 

Prof. Joseph Le Conte, Vice-President, in the chair. 

As there were no reports of committees, the discussion on the classifi- 
cation of Pleistocene deposits was at once entered upon. 
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Prof. T. C. Chamberlin opened the discussion by remarking that it was 
possible to classify these deposits upon three bases: 1. Structural; 2, 
Chronological; 8. Genetic. 

A scheme of classification according to genesis was offered to the Con- 
gress in printed form and explained at length. 

Prof. Gaudry spoke as follows: In the Parisian basin there are two 
different horizons distinguished by different faunas; the one indicating a 
cold, the other a warm climate. It is, however, impossible to decide 
which of these two periods was the earlier. In England the same con- 
dition of affairs is to be observed. In Germany there is but one Quater- 
nary fauna, which indicates a cold climate, whilst in Italy the fauna of 
the cold period is absent. 

Prof. H. Credner: The north German plain contains deposits closely 
related to those of the Pleistocene in America. Prof. Chamberlin's 
classification is admirable and wholly applicable to Germany. 

Baron de Geer expressed his approbation of the classification proposed 
by Prof. Chamberlin. He had for some years been advocating a similar 
classification for Scandinavia. A few minor alterations might be sug- 
gested to suit Scandinavian conditions; for instance, the marine deposits 
might be made a separate class; classes IV and V of Prof. Chamberlin 
could, perhaps, be reduced to sub-classes under III, as the formations 
frequently seem to be accidental or local. He agreed with the distinction 
suggested between osars and kames; that is, that the former are in the 
main radial and the latter peripheral with reference to the distribution 
of land-ice. 

Prof. T. McK. Hughes pointed out that the classification given by Prof. 
Gaudry was purely chronological, whereas that suggested by Prof. 
Chamberlin was purely genetic. He then explained the abundance of 
striated boulders in one part of the glacial deposits and their absence in 
another. If the supply of material (that is, of rock bosses above the ice) 
ceases at any point, then all the boulders will gradually sink through the 
ice and become glaciated at the bottom. Prof. Hughes also thought 
that two distinct types of ridges formed of glacial material were con- 
fused under the names: kames, osars and eskar. He slso explained the 
**pitted plains*' as due to an unusual interruption between the hills or 
ridges of eskar character. He expressed his opinion that the glacial 
period was a continuous one, in England at least, except for slight 
changes due to unimportant oscillations. 

Dr. Wahnschaffe advocated the chronological classification, and con- 
sidered such a one possible for the Quaternary deposits of north Ger- 
many. These deposits begin with pre-glacial sands and gravels contain- 
ing Paludina dilu eta na^ which is still a living form and LHoglyphxtn 
natoroides. Above these follows a typical ground-moraine which is 
overlaid by stratified sand and gravel, containing the well-known diluvial 
fauna; and to these again succeeds the upper till, considered now as the 
ground-moraine of the second glacial epoch. 

AFTERNOON SESSION. 

Continuance of the same discussion. 
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Prof. H. Credner: The occurrence of the sand between two ground, 
moraines indicates a retreat and second advance of the ice sheet. Such 
interpolated sands are in Germany always local and no proof of a real 
interglacial epoch. The sand Jayers between the moraines are not con- 
tinuous, but local, and cannot be given the significance attributed to 
them by Wahnschaffe. 

Prof. Pavlow: In order to secure a satisfactory classification of Qua- 
ternary deposits, we must secure a satisfactory definition of Pleistocene. 
Prof. Pavlow said he would like to give his own views, but would post- 
pone them until such accepted definition had been arrived at. 

Baron de Geer agreed with Wahnschaffe that the chronological class- 
ification is at least locally possible. He also recognized two glacial 
•epochs, due to two great oscillations. These cannot always be separated, 
as, for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to the field 
geologist 

Dr. Wahnschaffe replied to Prof. Credner's assertion that there is no 
proof of an interglacial period in northern Germany. He thought that 
the existence of a diluvial fauna between the two tills is sufficient proof. 

Prof. Credner replied that no complete skeleton had been found, but 
•only single bones which might have been transported and deposited with 
the gravel. 

Dr. Wahnschaffe again replied that the bones occurring in these 
gravels are proportionately large, when compared with the gravels them- 
selves, and therefore cannot well have been transported from a distance. 

Prof. Shaler: Organic deposits may possibly occur very near the ice 
sheet, which allows an interweaving of organic and glacial deposits. 

Mr. G. K. Gilbert remarked on the observation of I. G. Russell in 
Alaska, that where the movement of the ice is very sluggish, it may 
become covered with soil, or even with a growing forest, in which such 
.animals as bears still live. 

Dr. Diener remarked that intercalated beds of sand were no positive 
proof of interglacial periods. In the Austrian Alps moraines no more 
than twenty years old are covered with pasture, and in the Caucasus the 
rhododendron grows to the very edge of the ice. 

Dr. Hoist mentioned two moraines separated by interpolated sand and 
thought that they might both have been formed by the same ice sheet. 
The melting of the ice leaves an unoxidized (blue) ground-moraine, with 
an overlying oxidized (yellow) upper moraine. This occurs in northern 
Sweden where there is no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirty or forty 
feet of stratified sand between two moraines of the same glacier. The 
colors are sometimes the reverse of what has been stated by Dr. Hoist, 
4ind the bouldei-s in the two moraines have been derived from different 
sources. 

Mr. Christie described the section of peat and silt between two layers 
•of till, occurring on the river Clyde, above Glasgow. 

Mr. Cadell described some five distinct layers of till occurring in a 
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pre-giacial river channel in eastern Scotland; and also mentioned another 
river channel, filled with coarse gravel derived /rom rocks occurriDg 
farther north in Scotland which was covered with a later layer of boulder 
clay. 

I Mr. !McGee mentioned the importance of land forms in interpreting 
geological processes. Any primary geological classification must be 
genetic. He discussed in detail the following scheme of classification of 
Pleistocene deposits: 

CUtssiJication of Pleistocene Fonnatiom and Land Forms, 

A. Aqueous: 

1. Below base level. 

a. Marine. 

b. Estuarine. 

c. Lacustral. 

2. At base level. 

a. Littoral. 

b. Marsh. 

c. Alluvial (certain ten aces, etc.). 

3. Above base level. 

a. Torrential. 

b. Talus (including playas). 

B. Glacial: 

1. Direct. (Chamberlin's class I.) 

2. Indirect. (Chamberlin^s classes II to V, in part.) 
0. Aqueo-Glacial: (Chamberlin's classes II to V, in part.) 

D. Eolic: (Chamberlin's class (?) VI.) 

E. Volcanic: 

1. Direct. 

a. Lava sheets. 

b. Cinder cones. 

c. Tuffs, lapilli sheets, etc. 

2. Indirect. 

a. Ash beds. 

&. Lapilli sheetH. 

Prof. Chamberlin, in closing the discussion, said that there was great 
difficulty in applying a chronological classification, and that such a 
classification might even act as a barrier to observation and to the recog- 
nition of the truth. Chronological classification is the ultimate goal o^ 
glacial studies, but it is something for which we are not as yet prepared. 
Red, oxidized sub-soils are not developed in northern latitudes. Organir 
deposits between glacial layers are abundant in the West, but do n't 
belong to a single horizon. Many facts of erosion and physical geology 
indicate that the glacial epoch in America was widely diiferentiated ao<i 
of long duration. How many distinct periods it embraced we do not 
as yet know. 

Prof. Cope: An abundant tropical fauna is found in the "EquusbetW 
which, if they be of interglacial age, indicates at this time a very warm 
climate. This fauna is succeeded by a truly boreal fauna. In this i? 
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<K)Dtaiiied material for a chronological sub-di vision of Pleistocene 
deposits. 

SESSION OF Aua. 28, 1891, 11:40 a. m. 

Prof. J. Le Conte, Vice-President, in tlie chair. 

Announcements by the General Secretary, Mr. S. F. Emmons, relative 
to the minutes of yesterday and to various excursions. 

Announcement by major Powell in regard to the essays on correlation 
to be published -as bulletins of the U. 8. Geological Survey. 

The President then announced as the subject for discussion, the Cor- 
relation of Geological Formations. 

Mr. Gilbert opened this discussion by presenting a general classifica- 
tion of methods of correlation. 

Strata are locally classified by superposition in chronologic sequences. 
Geologic correlation is the chronology of beds not in visible sequence. 
For convenience in discussion, methods of correlation are classed in ten 
groups, of which six are physical and four biotic. 

PHYSICAL METHODS OF CORRELATION. 

1. Through Visible continuity. The outcrop of a bed is traced from 
point to point and the different parts are thus correlated one with 
another. 

2. Strata are correlated on account of lithologic similarity. This 
method, once widely prevalent, is used where the distances are small. 

8. Correlation by the similarity of lithologic sequence has great and im- 
portant use where the localities compared fall within the same geologic 
province, but it is not safely used in passing from province to province. 

4. Physical breaks or unconformities, have a limited use, especially 
in conjunction with other methods. The practice of employing them in 
the case of localities wide apart is viewed with suspicion. 

5. Deposits are also correlated with their simultaneous relations to 
some physical event; for example, a beach with the lake beds it encircles; 
a base level plane with a contiguous subaqueous deposit ; and alluvial, 
littoral, and subaqueous deposits standing in proper topographic relation. 
In the Pleistocene, glacial deposits are widely correlated with reference 
to a climatic episode assumed to arise from some general cause. 

6 Deposits are correlated through comparison of changes they have ex- 
perienced from Geologic processes supposed to be continuous. Newer 
and older drift deposits in different regions are correlated according to 
the -relative extent of weathering and erosion; induration and metamor- 
phism afford presumptive evidence of age, but yield to evidence of other 
character. Metamorphism holds prominent place in the correlation of 
Pre-Cambrian rocks where most methods are inapplicable. 

These physical methods are qualified by the geographic distribution 
of Geologic processes of change and of geologic climates. 

BIOTIC METHODS OF CORRELATION. 

7. A newly-discovered fauna or flora is compared with a standard 
series of faunas and floras by means of the species it holds in common 
with them severally. 
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8. It is also compared by means of representative forms, or through 
genera and families. 

la and 8a. These comparisons are strengthened if two or more faunas 
in sequence are found to be systematically related to the faunas of a 
standard series. 

9. Two faunas or floras otherwise related are compared in age througli 
their relation to the present life of their localities. This method was ap- 
plied by Lyell to Tertiary rocks. 

10. Faunas are correlated by means of their relation to climatic 
episodes, taken in connection with station. For example, boreal shells 
found in latitudes below their present range are referred to glacial time. 

In general the limitations to accurate correlation by biotic methods 
arise from the facts of geographic distribution. Correlations at short 
range are better than those at long range. 

Biotic correlation by means of fossils of different kinds may have 
different value. In general, the value of a species for the purposes of 
correlation is inversely as its range in time, and directly as its range in 
space. The value of a biotic group depends (1), on the range of its 
species in time and space; (2), on the extent to which its representatives 
are preserved. 

Prof. K, von Zittel spoke in reference to the biotic methods and gave 
his opinion of the relative value of plants and animals for purposes of 
correlation. He regarded plants as relatively unimportant. Among 
animals those which are marine, lacustrine and land animals may be 
distinguished. Of these classes marine invertebrates are most value- 
able for purposes of correlation. The vertebrates change rapidly but are 
frequently altogether wanting. For instance, no vertebrates occur in the 
Alpine beds corresponding in age to those which contain the mammalian 
fauna of the Paris basin. In certain lacustrine deposits invertebrates 
may be absent, and in such cases the vertebrate fauna is the surest guide* 

Baron de Geer emphasized the importance of a numerical comparison 
between different species. The actual counting of individuals in a given 
formation is of great value. 

Prof. Marsh expressed his agreement in general with the conclusions 
communicated by Prof, von Zittel, but would give special weight to 
vertebrate fossils. In the Mesozoic and Tertiary beds of the Rocky 
Mountains he had found that the vertebrates offer the surest guide for 
correlation. This is in part because invertebrates are either wanting or 
are lacustrine. Prof. Marsh in 1877 named a sequence of horizons 
after the most characteristic vertebrate genus in each which is confined 
exclusively to it. He presented an outline of such classification brought 
down to date with a section to illustrate vertebrate life in America. 

AFTERNOON SESSION. 

Mr. C. D. Walcott spoke of the value of plants for purposes of geo- 
logic correlation. 

Prof. T. McK. Hughes spoke of the present and growing tendency 
toward a natural classification. The evidence is complex and includes a 
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considentble variety of diverse relations. He pointed out exceptions to 
the normal conclusions deduced from superposition, lithological char- 
acter, and similarity of sequence. We must have a system of criteria so 
varied that If one or more fails others can be employed. All classes of 
evidence are useful, both positive, negative, and circumstantial. 

Major J. W. Powell spoke of the necessity of specialization on the 
part of geologists engaged in the work of correlation. The evidence 
derived from physical and biotic facts might apparently disagree. But 
that a satisfactory result may be reached, these two classes of evidence must 
be brought into harmony. He cited an example from his own experi- 
ence of how an identification of synchronous formations might be made 
over a wide area through a union of physical and biotic methods. 

Mr. W. J. McGee remarked that in the costal plain of the United 
States physical correlation alone is employed. The bases accord with 
those outlined by Mr. Gilbert with certain minor modifications and an 
important addition, as follows: 

p'iBlble Continmty; 
For local discrimination and correlation - Litholo^ic Himllarlty ; 

{ Similarity 4>f sequence. 

For correlation throughout the province -J ^^^^^^^^'£^^1^*^^^*^*''^*** *"' geography 

Relation to physical events, 
including continental movements, 
transportation of materials, 
land sculpture, etc. 

For general correlation. - - - Homogeny or Identity of origin. 

By correlation upon these bases the physical history of a considerable 
fraction of the continent may be so definitely ascertained as to permit 
fairly accurate mapping of the geography, and even the topography of 
each episode in continent growth. After these episodes are clearly de- 
fined, and the fossils found in the formations are studied, it will be pos- 
sible definitely to ascertain the geographic distribution of organisms 
during each episode, then paleontology may be placed on a new and 
higher plane. 

Prof. W. M. Davis showed that it was possible to decipher geological 
history not only through the records of deposition, but also by processes 
of degradation. As an example of this method he explained a topo- 
graphical section from the city of New York westward. In this we 
have evidence of the existence of an ancient "penepUiiUf''^ or base-level 
lowland of Cretaceous age. This surface was subsequently elevated 
(more toward the west than toward the east) at the end of Cretaceous, or 
at the beginning of Tertiary time. It has since been dissected by the 
excavation of more recent valleys. The Hudson valley ' lowland was 
cited as an example of this recent dissection 

Prof. E. W. Claypole considered that the different methods of geologic 
correlation differed very greatly in their value. It is improbable that the 
plant or mammalian record will ever equal in its perfection that of the 
marine invertebrate fauna. The marine fauna is to the geologist what a 
primary triangulation is to the geodoslst. It marks out the main divi- 
sions, which are subsequently further subdivided through the aid of 
other fossils, such as plants and vertebrates. 
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Prof. C. R. Van Hise spoke of the methods of correlation employed for 
pre-Cambrian rocks, which occur in widely separated areas and are 
devoid of fossils. Physical data only are available for correlating these 
formations. Experience has shown that among all physical methods, 
unconformity is by far the most important. Other physical criteria, such 
as the degree of induration, metamorphism, and relation to eruptlves, 
are valuable for the subdivision of single areas, but cannot be safely 
used in identifying synchronous formations in widely-separated areas. 
The idea that lithological character is any direct proof of geological age 
has retarded the scientific subdivision of pre-Cambrian rocks. The re- 
searches of Pumpelly and others in the eastern United States have 
demonstrated that Silurian, Devonion, and even Carboniferous deposits 
might become, under certain physical conditions, as highly crystalline as 
much more ancient rocks of the West. For this reason it has been found 
necessary to abandon such term as IluroniansmdKeweenawan. Evidences 
of life are not lacking in pre-Cambrian rocks, and it is to be hoped that the 
paleontologist will succeed in differentiating several separate fonnations 
below^ the Cambrian, as the Cambrian itself was differentiated from the 
base of the Silurian. 

SESSION OF AUG. 29, 1891, 10 A. M. 

Prof. Albert Gaudry, Vice President, in the chair. 

Mr. S. F. Emmons, General Secretar>% made announcements. 

M. Alexis Delalre presented two communications in behalf of prince 
Roland Bonaparte relating to the phenomena of the Aletsch glacier and 
upon an excursion to Corsica. 

Prof. Chas. Barrois presented a communication on behalf of Prof. 
Michel L^vy upon the geologic history of the Auvergne volcanoes, con- 
taining a classification of eruptive rocks as represented by symbols. 

Prof. E. W. Hilgard laid stress upon the importance of the abundance 
or scarcity of species in the correlation of strata. He thinks some 
quantitative estimation of the species should be made. He is of the 
opinion, also, that as compared with marine fauna, plants have but little 
value, for purposes of correlation owing to their local distribution, their 
accidental proximity to water, transportation, and preservation. Plants 
can be so used only after large areas are worked over. 

Prof. Zittel was called to the chair, and Prof. Lester F. Ward then con- 
tinued the discussion. He developed two of the more general princi- 
ples of correlation by means of fossil plants, as follows : 

I. That the great types of vegetation are characteristic of the great 
epochs in geology. 

This principle is applicable in comparing deposits of widely different 
age when the stratigraphy is indecisive. For example, even a small 
fragment of a Carboniferous plant proves conclusively that the rocks in 
which it occurs are paleozoic, or a single dicotyledonous leaf proves 
that they must be as late as the Cretaceous. 

II. That for deposits not thus widely different in age, as for example, 
within the same geologic system or series, ample material is necessary 
to fix their position by means of fossil plants. 
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Neglecting this principle has led to the greater part of the mistakes 
•of paleobotanlsts, and has done most to bring paleobotany into disre- 
pute. Geologists have expected too much of them, and they, in turn, 
'have done violence to the truth in attempting to satisfy extravagant de- 
mands. On the other hand, where the material is ample, fossil plants 
have often corrected the mistakes of stratigraphical geologists, and 
solved problems concerning geologic age, which seemed impossible of 
settlement by any other class of evidence. 

Mr. Chas. D. Walcott spoke upon the correlation of the Cambrian 
rocks of North America. The principles used now are the same as 
those used by the New York survey prior to 1847 except that those 
principles have been somewhat modified by the theory of evolution. 
Both physical and biotic data are available in the correlation of the 
Oambrian rocks on the Atlantic coast, of the Rocky Mountain areas, and 
of the interior continental plain. Throughout the Appalachian prov- 
inces the physical data suffice to correlate the Lower Cambrian from 
Vermont to Alabama, but such data are not sufficient to correlate it with 
that North of the St. Lawrence valley. The correlation of the deposits 
of the Appalachian and the Rocky Mountains troughs were by biotic 
4ata alone, and of the great extent of the Upper Cambrian over the 
•continent the biotic data correlated the Rocky Mountain Upper Cam- 
brian with that of the interior and the Appalachian area. 

The correlations made indicate that in Lower and Middle Cambrian 
time a great continental area existed over the interior, and all the Cam- 
brian sediments were accumulated in troughs west of the Appalachian 
and Rocky Mountains. In Upper Cambrian time the interior of the 
continent sank beneath the ocean, and the sandstones of the upper Cam- 
brian were deposited, and the result of these correlations add a chapter 
to the history of the evolution of the North American continent. 

Prof. James Hall spoke of the difficulties encountered in the earliest 
attempts at correlation of the rocks even in the state of New York. 
He urged the importance of taking into consideration both physical and 
faunal characters of the rocks. In some cases, however, the physical 
characters of the rocks change greatly in passing from one region to 
another — sandstones grading into limestones, and limestones into shales 
— and these beds may also vary greatly in thickness. Fossils are of 
unequal value in such correlations; Lamellibranchs are near shore forms 
and fail in deep water; they are not, therefore, bo valuable as Brachio- 
pods, which have a wider distribution, for purposes of correlation. 

Prof. Henry 8. Williams laid stress upon the relations of species to 
the conditions of deposition. The abundance of a species varies with 
•environment, and a study of correlation should embrace a study of 
these conditions. Sandstones deposited near shore may have a fauna 
different from that of a limestone deposited off shore at the same time, 
and a change of fauna may be induced by a change of the conditions of 
deposition. The age of beds should be determined by comparing 
species of the same genera rather than by comparing those of different 
genera. There are centres of abundance which exhibit great variability 
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in their characters; outside of these centres the species exhibit varieties 
which may be called eztra-limital, and which are not tjrpical though 
they have often been published as types. 

Dr. F. Freeh said that in comparing the middle paleozoic fauna of 
Europe with that of North America, there were two principal points of 
especial interest: 

A. The identity of some comparatively small horizons. 

B. The far greater differences that exist in these same beds. 
The similar faunas are — 

1. That of the Niagara and of the Wenlock shales. 

2. In the Upper Devonian the Rhynchonella of the Tully limestones 
and the Goniatites of the so-called Naples beds. 

8. The Goniatites at the base of the Carboniferous in Iowa, in Spain,, 
and in middle Germany. 

The Hamilton fossils are of especial interest because we have on the 
Rhine, in the so-called Lennenschiefer, a fauna of the same facles. 
But while these rocks were deposited under similar physical conditions,, 
the number of identical species in the two countries is very small, and 
there are many fi^enera in each country not found in the other. All the 
Lower Devonian is wanting in European Russia and part of it is want- 
ing in middle Germany, but the great physical change which followed 
is sufficient explanation for the differences which characterize the junc- 
tion of the Devonian and Silurian. 

Prof. Barrels thinks it impossible to compare in detail American and 
European rocks. Some individual zones of the American series can be- 
correlated with European horizons, but it is quite impossible to estab- 
lish in detail the identity of other and adjacent zones. 

Prof. C. R. Van Rise spoke of the distribution, character, and succes- 
sion of the pre-Cambrian sedimentary rocks of North America. All 
rocks are regarded as pre-Cambrian which are earlier than the Olenellus 
fauna. These rocks contain the evidence of abundant life as shown by 
thick beds of carbonaceous shales, by various distinct fossils, and in 
many other ways. When a less highly developed fauna is found, a& 
different from the Cambrian fauna as the Cambrian is from the Silurian, 
it is best to give this fauna a new name. 

There are in many areas in North America great thicknesses of little 
altered pre-Cambrian sedimentary rocks. In many regions these rocks 
have been separated into series by wide-spread unconformities, and 
these series have been farther divided into formations. Some of the 
more important pre-Cambrian regions are Lake Superior and Lake 
Huron, Central Arizona, New Brunswick, Newfoundland, Southwestern 
Montana. As an illustrative example of the successions ma>' be cited 
the flrHt. In this area the descending order is Lake Superior sandstone 
(Potsdam), unconformity, Keweenawan, unconformity, upper Huronian,. 
unconformity. Lower Huronian, unconformity, basement crystalline com- 
plex. Each of these series is divided into several formations. 

In individual regions it is possible to correllate series and formations 
upon a physical basis. In different regions the series have variable 
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lithological characters and unlike successions. Because of the absence 
of a well-known pre-Cambrian fauna it is impracticable at present to 
make correlations in far-distant regions. Hence the term Algonkian 
has been proposed by the United States Geological Survey to cover the 
whole of the pre-Oambrian elastics. No working geologist in America 
now holds the indivisibility of the pre-Cambrian in all regions. 

If the foregoing conclusions are correct, the invariable succession ad- 
vocated by Hunt, evolved almost wholly within the laboratory, is value- 
less. It is shown to be untrue at one or more fundamental points by the 
observed order of the rocks in every region in which there are tolerably 
full successions. 

Prof. R. Pumpelly confirmed the observations of Prof. Van Hise in so 
far as he had been over the ground mentioned. He referred especially 
to observations made in the Green mountains, where in one locality 
metamorphism has completely masked the original character of the 
rocks, and thus rendered impossible correlation by lithologic charac*.ters, 
As an example he cited a formation which is a quartzite, at one point, 
a white gneiss containing new feldspars at another, a conglomerate with- 
out any schistose structure at another, and a mica schist at a fourth 
locality. 

Prof. Chas. Barrois, referring to the remarks of Prof. Van Hise, said 
that there was no general basis, either biologic or lithologic, for the 
correlation of the pre-Cambrian rocks of Europe with those of North 
America; even the terms applied to these rocks were liable to be mis- 
understood. Certainly the divisions used in France cannot be correlated 
with those now used in the United States. General correlation cannot, as 
yet, be based upon non-conformities; autopsy is the only basis upon which 
a comparison can be instituted. He pointed out certain parallelisms 
between the histories of the crystalline schists of America as illus- 
trated by Mr. Pumpelly and the gneissic rocks of Brest, where the Cam- 
brian slates are altered to gneisses of Archaean aspect, while the alternat- 
ing fossil! ferous quartzites are changed to crystalline quartz. Geologists 
must see the beds together in order to reach a common understanding of 
the crystalline rocks. 

Dr. Chas. A. White was called upon, but in view of the divergence of 
the discussion from the topic as originally taken up, excused himself 
from speaking upon the subject. 

Prof. E. D. Cope discussed the question from a general point of view 
w^ith especial reference to the value of vertebrates for purposes of corre- 
lation, particularly for inter- continental correlation. He pointed out that 
there is a marked difference in the present vertebrate faunas of conti- 
nents, and that the variation of such forms must be sought in vertical 
rather than in horizontal ranges. Such study shows that we have had 
invasions of a given region by a fauna from without; for example, a 
South American fauna invaded North America at one time and then 
retreated, while a North American fauna once invaded South America 
and traces of it still remain in that country. He is inclined to believe 
that certain vertebrate forms did not spread over the earth from a single 
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place of origin, but that they originated at different places upon the 
earth. We have parallelism in separate places, but the parallelism is 
defective in the Laramie. 

Mr. G. K. Gilbert was of the opinion that many methods of correlation 
must be used. He doubted the trustworthiness of the correlation of non- 
fosslliferoQs rocks by comparative change, even locally. He thought the 
abundance and scarcity of fossil forms comparable with lithologic differ- 
ences, and considered the simple occurrence of a species as valuable for 
purposes of correlation as its abundance. 

Prof. Van Hise explained that the distinction between the Algonkian 
and the Archaean has not been widely made in £urope, because there, as 
in the Appalachian region, later and powerful dynamic movements have 
repeatedly occurred. 

Prof. E. D. Cope added that life in its progress on the earth differed from 
minerals and rocks in that it has its own laws, which give it an indepen- 
dent element. 

Announcements were made by Secretary Emmons, and the meeting 
adjourned at 1 o^clock until 11 o'clock a. m. Monday, August 81st. 

SESSION OF AUG. 81, 1891, 11:25 A. H. 

Prof. James Hall, Vice-President, in the chair. 

Announcements were made by Mr. S. F. Emmons, General Secretary. 

Subject for discussion: Map-coloring and Cartography. 

Major J. W. Powell exhibited charts illustrating the color system used 
by the U.S. Geological Survey, explained the methods of using the colors, 
and gave the reasons for them. The colors assigned to rocks of different 

ages are as follows : 

Period. Period color. Mark. 
. 1. Neocene Orange N. 

2. Eocene Yellow E. 

3. Cretaceous Yellow-green K. 

4. Jura Trias Blue-green 

5. Carboniferous Blue C. 

6. Devonian Violet D. 

7. Silurian Purple S. 

8. Cambrian Pink 

6. Algonkian Red A. 

The colors are used to designate geologic periods, patterns of these 
colors designate formations ; minor divisions are usually relegated to the 
text. The number of patterns for designating formations can be 
indefinitely enlarged, but follow a definite system. 

Mr. Joseph Wilcox showed that in the scheme described by major 
Powell the colors were not evenly distributed throagh the chromatic 
scale. 

Prof. C. K. Van Hise pointed out that Archeean rocks are shown by a 
brown underprint, and that metamorphic rocks of known age are given 
the color of the corresponding unaltered rocks. 

Major Powell explained that It was not attempted to select colors 
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equally dlBtributed through the chromatic scale, but to use those that 
may be most readily recognized. 

Mr. H. M. Cadell asked why black and gray were not used. 

Major Powell replied that blue was used in place of the dark shades 
for the Carboniferous ; that dark colors are misleading in regard to the 
occurrence of coal, which occurs in the Cretaceous and Tertiary as well 
as in the Carboniferous. 

Mr. Christie found the black color very Inconvenient because it often 
made the details of the map covered by such colors illegible. 

Mr. H. M. Cadell said that the maps of the Geological Survey of Great 
Britain were colored by hand, aikd that the system used by the U. S. 
Geological Survey could not for this reason be economically employed. 

Major Powell explained that the U. S. Survey system is very econom- 
ical when the color patterns are transferred to stones. 

Prof. T. McK. Hughes thought it very difficult to devise a scheme that 
will meet the demands of everyone. Some reference must be had to the 
permanence of the colors, the readiness with which they can be applied^ 
and the distinctness with which they show what is desired. He thinks 
the fittest scheme must survive. 

Mr. S. F. Emmons made announcements. 

On motion of major Powell, the program for the afternoon was 
changed so that the geology of the country to be traversed by the long 
excursion might be briefly described by those the most familiar with it. 

Adjourned till 2:30 P. M. 

On re-assembling at 2:30 P. M., Prof. LeContein the chair, brief 
lectures were given by Prof. Chamberlin, Mr. Gilbert, major Powell, and 
Mr. Emmons upon the geology of the country to be traversed by the long 
excursion. 

Adjourned at 4:40 P. M. 

As may be seen from the foregoing, the Congress was occupied 
with the problems proposed for discussion by the Committee of 
Organization, as was announced in the Geologist (Vol. viii, p. 
62 ), but there was an apparent lack of orderl}' preparation and 
of consistent succession in the proceedings from day to day. 
For instance, the topic which was expected, according to the pro- 
gram announced by the Committee of Organization, to come lasfy 
was called up i\i% first thing the first day^ and parties who might 
have wished to participate in the discussion were thereby pre- 
vented, or were obliged to oifer their facts undigested and per- 
haps unarranged, or without the graphic illustrations which they 
otherwise would have employed. It was quite evident, also, that 
some of the gentlemen who led in the discussion of the daily 
topics were compelled to do so on too short notice. It might be 
well for future Committees of Organization to assume more 
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thorough direction of the doings of the Congreas, as least so fai* 
as to see that parties are at hand with well prepared papers to 
bring the topics of discussion fully before the Congress. It is 
manifest that each new *< Bureau " elected after the session opens, 
is in no degeee prepared to provide for this necessary guidance of 
the deliberations of the Congress. It is a precaution which ought to 
be taken several months, or perhaps several years, before the Con- 
gress convenes. The practice of national ^^ nomenclature re- 
ports," which in this case might have been correlation reports, 
from the countries participating in the Congress, but which was 
apparently not attempted and not encouraged by the American 
organizing committee, would certainly subserve this purpose per- 
fectly. This would be more likely to be satisfactory, being more 
*« democratic, " than that plan which was entered upon by the 
English organizing committee in re the crystalline schists. That 
committee solicited contributions from individuals on that specific 
topic. While this resulted in the production of a number of 
learned and very valuable contributions which grace the volume 
lately issued by the English committee, it cannot be considered as 
the best way to promote harmony and to extend and perpetuate 
an interest in the Congress. If the Congress be in fact an " in- 
ternational " one, the various nationalities should have system- 
atized participation in its doings, and the organizing committee 
should be empowered and directed to take ^teps to facilitate such 
general participation. The late Congress passed otf with the sim- 
ple presentation, largely or entirely, of some American views on 
American geology, followed b}' such desultory comment or dis- 
cussion as happened to spring up. If such a practice be perpet- 
uated in future sessions, the Congress will finally degenerate to 
an elementary school of geology, wherein the visiting geologists 
will learn the outlines and general principles of the geology of 
the countries where the separate sessions may be held, and it will 
be a question of a short time, a very short time, whether the use- 
fulness and the purposes of the Congress, as set forth by the 
founders, be not so far lost sight of or so remotely subserved 
that the sessions had better be discontinued. 

The next session will be at Berne, Switzerland, and we wish to 
appeal to the intelligent geologists of that little republic, to early 
take measures to make the next session a tnily ^'international "* 
and representative one. 
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The Coinanche series of the Texas-Arhuisas region. By Robert T. Hill. 
Bulletin, Geological Society of America, vol. ii, pp. 508-528; May 5, 1891. 
The main area of the Coinanche series is stated to extend from western 
Arkansas through southern Indian Territory to the meridian of 97 ''SO, 
thence southward and southwest ward across Texas to New Mexico, a 
distance of more than 1,000 miles, and then southward indefinitely into 
Mexico. The series, as studied by Mr, Hill in central Texas and north- 
ward, is made up of eleven terranes, classed under three divisions in 
ascending order, as follows: A. The Trinity division, comprising 1. 
Trinity or basal sands, which Dr. C. A. White provisionally regards as 
the base of the North American lower Cretaceous; and 2. The Glen 
Rose or alternating beds, consisting of abundantly fossiliferous magne- 
sian limestones, fine sand, chalk, and almost pure crystalline limestone. 
B. The Fredericksburg or Comanche Peak division, comprising 8. The 
Paluxy sands, about 100 feet thick, containing no fossils excepting 
silicified wood; 4. The Oryplum rock and Walnut clays, the former 
being a stratum 10 to 50 feet thick, composed entirely of the shells of a 
small (rryphim^ and the latter being associated clay marls which enclose 
myriads of Exogyra tejtana Roemer; 5. The Comanche Peak chalk, 
about 100 feet thick, rich in many species of fossils; 6. The Caprina 
limestone of Shumard, an indurated chalk, 80 to 40 feet thick, preserved 
as the capstone of many buttes, mesas, and plateaus; and 7. The Good- 
land limestone, apparently an equivalent of the last two. C. The 
Washita or Indian Territory division, comprising 8. The Kiamitia clays 
or Schloenbftrhia beds, so named from their characteristic Ammonites; 9. 
The Duck Creek chalk, about 100 feet in thickness, composed of crumbl- 
ing chalky limestone and marls, with a unique fauna; 10. The Fort 
Worth limestone, which with the last was described by Marcou at Fort 
Washita as typical Neocomian; and 11. The Denison beds, made up of 
sandy clays and occasional limestones, Exogyra arietirui being the 
characteristic fossil of the clays. At Denison and throughout northern 
Texas, these beds are unconformably overlain by the Dakota sandstone, 
the base of the upper Cretaceous series which is so widely developed on 
the plains farther north. 

Carhoniferom fossils from Neirfoundland. By Sir J. William Dawson. 
Bulletin, G. S. A., vol. ii, pp. 529-540, with two plates; May 27, 1891. 
The plants described or catalogued with annotation in this paper are 
from St. George's bay, in western Newfoundland, the most noteworthy 
species being Lepidodendron murrnynnnm^ nearly like L. diftonense of 
Nova Scotia. The strata are similar to those of the coal formation of 
Cape Breton, and have a total thickness of probably 11 000 feet. Accord- 
ing to Mr. James P. Rowley, now director of the Geological Survey of 
Newfoundland, they contain six beds of coal, ranging from fourteen 
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inches to eight feet in thickness, three of them having over four feet of 
good coal, apparently a free-burning bituminous variety, resembling that 
of the Cape Breton mines. 

A proposed aysejn of cJironologic cartography on a physiographic batis. 
By President T. C. Chamberlin. With The geological dates of origin of 
certain topographic forms on the AtUmtic slope of the United States. By 
William Morris Davis. Bulletin, G. S. A., vol. ii, pp. 541-544, and 545- 
586, with six figures in the text; July 2, 1891. Increasing attention has 
been given during recent years to topographic forms as time indices and 
means of geologic correlation. President Chamberlin therefore pro- 
poses a cartographic system, in which plains shall be represented by 
lines, and slopes by dotted surfaces, both to be put on in colors varying 
according to the geologic date of these topographic forms. The direc- 
tion of the agency by which they were produced may also be shown. 
Thus, a fluvial plain will be Indicated by arrows (without feathers) 
pointing in the direction of the current, while a lacustral plain will be 
mapped by parallel lines headed with arrows-points on the margin shore 
erosion by waves having been the most characteristic agency in its pro- 
duction. In the case of subaerial plains or peneplains, parallel lines 
will be used without arrow-heads. To distinguish between a plain and 
a peneplain, which may be quite rolling and yet clearly determinable, 
continuous lines may be used for the former and broken lines for the 
latter. 

Professor Davis recognizes a Cretaceous peneplain in southern New 
England, New York, New Jersey, and southward, into which the rivers 
of the Atlantic slope have cut broad and deep valleys during the 
Tertiary era. The Hudson river, for example, is shown to have excavated 
the whole gap between the Catskill and Berkshire plateaus since the 
early Tertiary uplifting of this peneplain. The level crests of the 
Appalachain ranges are remnants of the Cretaceous base-level, into which 
streams have channeled the great intervening valleys during Tertiary 
and Quaternary time ; but the White mountains of New Hampshire and 
the Black mountains of North Carolina have existed, constantly under- 
going denudation, from much earlier dates. 

Variations in tJie Cretaceous and Tertiary strata of Alabama. By 
Daniel W. Lanodon, Jr. Bulletin, G. S. A , vol. il, pp, 587-606, with 
one plate ; July 8, 1891. This paper presents detailed descriptions and 
sections observed during the boat journeys down the Tombigbee, Tusca- 
loosa, and Alabama rivers, with which the sections exposed farther east 
by the Conecuh, Pea, and Chattahoochee rivers are compared. S[)ecial 
attention is directed to variations in the strata on account of diiferent 
conditions of sedimentation, to faunal changes,and to unconformities due 
to the total absence eastward of formations that are well defined in the 
western part of the state. On the Tombigbee the Cretaceous beds measure 
aliout 2,560 feet in thickness, and the Eocene about 1,655 feet ; while on 
the Chattahoochee these are reduced respectively to about 1,440 and 
1,145 feet. 
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Bulletin of the Geohgtcal Society of America^ Proceedings of the third 
annual meeting^ hdd at Washington December 29, 30 and 31^ 1890, J. J. 
Stevenson, Secretary, pp. 007-662 ; Augtist 7, 1891. Besides a record 
of the order of presentation of the various papers which have been 
separately printed by the Society and already reviewed in this and 
preceding numbers of the Geologist, six short papers are here printed 
in abstract or fully, as follows: On the occurrence of Megalonpx jefersoni in 
central Ohio, by Edward Orton ; On the family Orthidie of the Brachio- 
poda, by James Hall ; On a jointed earth auger for geological explor- 
ation in soft deposits, by N. H. Darton ; On the occurrenceof diamonds 
in Wisconsin, and on the occurrence of fire opal in a basalt in 
Washington state, by George Frederick Eunz ; and A fallen forest and 
peat layer underlying aqueous deposits in Delaware, by Hilbome T. 
Cresson. The first annual report of the committee on photographs 
gives the titles, with descHptive notes, of 298 photographs received 
by the Society in 1890, of which 21 were donated by Prof.' J. F. 
Kemp of Ithaca, N. Y.; 269 by the U. S. Geol. Survey, through the 
director, major J. W. Powell ; and 3 by Prof. W. B. Dwight of Pough- 
keepsie, N. Y. 

Arkansas Geological Surtey, J. C. Branner, state geologist; Annual 
report for 1890, Vol. 1, Manganese, its uses, ores and deposits, R. A. F. 
Penrose. Octavo, 642 pp., geological map. Little Rock, 1891. 

This volume is a valuable one for the manganese industry in Arkansas, 
and secondarily for all who make use of manganese. It gives an account 
of the early and modern uses of manganese, and brings out vividly the 
remarkable recent increase of its mining and manufacture (in spiegelei- 
sen and ferro-manganese) in the United States. In 1875 the net tons 
produced were 7,832, in 1885 34,671, and in 1890 149,959 tons. The 
methods of use of manganese in the arts, including its alloy with iron 
in the Bessemer and Hadfield processes of steel-making are fully de- 
scribed. Small amounts of manganese ore were mined in the United 
States (Tennessee) as early as 1837, but at the present time Virginia, 
Georgia and Arlumsas produce over nine-tenths of the total output of 
North America. **The United States is the next largest producer of 
manganese ore in the world, being second only to the Caucasus region 
of Russia." "England is the largest consumer of manganese in the 
world, using not only its own production, but also 74,906 tons from out- 
side sources. The United States is not only the second producer but 
the second largest consumer, using its own production as well as that of 
Cuba, and most of that of Canada." 

All the various ores and minerals of manganese, together with their 
places and manner of occurrence, are described, embracing also chemi- 
cal analyses. 

In Arkansas there are two manganese regions, one in the northeastern 
part of the state, known as the Batesville region, of which a detailed 
geological map is given, and the other in the southwestern part extend- 
ing from Pulaski couuty through Polk county to the Indian Territory 
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border. In the former occur uearly all the large and workable deposits. 
The ores of the Batesvilie region occur in a residual clay, derived 
from the decay of a limestone which, according to Prof. H. 8. Williams, 
occupies a position intermediate between the Trenton and the Niagara 
limestones. The ores of the southwestern part of the state are in 
novaculite probably of Lower Silurian age, perhaps Trenton. The ores 
in both regions are in the forms of the various oxides of the metal. 
These ores were mentioned by Owen and Cox, and Featherstonhough 
mentioned manganese in the southeastern part of the state, but it is 
only within a few years that there have been systematic working and 
descriptions of the deposits. 

Between the ore -bearing St. Clair limestone, which is of about the age 
of the Trenton, and the Boone chert which is a part of the lower Car- 
boniferous, is a curious clayey deposit which is partly the result of sur- 
face decay of the lower limestone, and partly apparently of the nature of 
eruptive ash. This has been but partially investigated, but it seems to 
be widespread, and points to a long land exposure in this region between 
the close of the Lower Silurian and the age of the Carboniferous Boone 
chert. This had already been suggested by Dr. Branner from examina- 
tions in the field. Like the Cincinnati anticlinal, therefore, this part of 
the country experienced an elevation, but not like that, this remained 
dry land through the upper Silurian and the Devonian, and was subse- 
quently again sunk beneath the ocean. 

In the careful description of the manner of occurence of the ore in 
the Batesvilie region is ample proof of the thoroughness and ability with 
which the investigation has been carried on. It is a comparatively new 
field, and it has been most satisfactorily worked. The ore occurs in a 
clay which is the residuum of the St. Clair limestone. The ore was first 
in the limestone. The decay of the rock, and the removal of the soluble 
part has concentrated the insoluble, this embracing the ores — which, 
however, hfive to some extent been converted from carbonates. This 
process of decay began after the last elevation of the region above the 
ocean and is still going on. This residual clay has nothing to do with 
the layer of residuum which naturally intervenes between the St! Clair 
limestone and the Boone chert already mentioned, as to its age and 
stratigraphic relations, however closely they may be related genetic- 
ally. 

The report embraces a review of the manganese mines of the United 
States, with a view to comparison with those of Arkansas, for the pur- 
pose, evidently, of arriving at some conclusion as to the origin of the ore 
in the rock from which it Is now plainly derived by natural concentra- 
tion in situ through slow decay. In the course of this review, Dr. 
Penrose describes, with more fullness and correctness than has ever been 
done before, the manner of the occurrence of the Iron and manganese 
ores of Vermont, and their stratigraphic relations. In this he adopts 
the late conclusions of United States geological survey (by J. £. WolJf), 
that the associated rocks are of the age of the Lower Cambrian, or 
Taconic of the region, as has been claimed from the time of Emmons 
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till now, except by those who reject the Taconic system. He finally 
reaches the conclusion that the ores (in particular the ore of manganese, 
although the conclusion involves that of iron because of their intimate 
association) were the result primarily of chemical precipitation in the 
ocean at the time of the formation of the rocks themselves, and that the 
oceanic waters obtained the manganese principally from the disintegra- 
tion of the older crystalline rocks of the region. 

The report is faultless in method and execution, and the value of its 
scientific conclusions, and of its accurate and conscientious descriptions 
of Arkansas localities cannot fail to be highly appreciated by the citizens 
of that state. It is, moreover, a real contribution to the geology of the 
country, and adds one more to the series of valuable results of the 
Arkansas survey. 



RECENT PUBLICATIONS. 



I. State and Government Reports. 

Geol. Sur. of Missouri, Bulletin No. 5, contains: The age and origin of 
the crystalline rocks of Missouri, Erasmus Haworth; Notes on the clays 
and building stones of certain western-central counties tributary to Kan- 
sas City, G. E. Ladd. 

Advance sheets from the 17th report of the Geological Survey of the 
State of Indiana; Paleontology, S. A. Miller, 118 pp., 22 plates. 

Geol. Survey of Georgia, First report of Progress, 1890-91. J. W. 
Spencer. 

Bulletin No. 80, U. S. Survey. Correlation papers, Devonian and Car- 
boniferous, Henry S. Williams. 

Second annual report of the Geological Survey of Texas, E. T. Dum- 

ble, contains, besides the report of the state geologist, the following 

papers: Reports on the iron ore district of East Texas; Carboniferous 

cepholopods, A. Hyatt; Report on the geology of northwestern Texas, 

W. F. Cummins; Report on the geology and mineral resources of the 

central mineral region of Texas, Theo. B. Comstock; Report on the 

geology and mineral resources of Trans-I'ecos Texas, W. H. Von 

Streeruwitz. 

II. Proceedings of Scientific Societies, 

Trans. N. Y. Acad. Sciences. Feb-March, contains: The man of Spy, 
or newly discovered paleolithic skeletons from the vicinity of Li^ge. 
Belgium. J. S. Newberry; The tin deposits of North Carolina. John 
H. Furman. April to June: Amber, its history, occurrence and use, J. 
S. Newberry; Remarks on recent discoveries in local Cretaceous and 
Quaternary geology, N. L. Britton; The Pipe-creek meteorite, A. R. 
Ledoux. 

Jour. Cin. Soc. Nat. Hist., July, 1891, contains: On the age of the Pt. 
Pleasant, Ohio, beds, Jos. F. James. 
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Appalachia, July, 1891, contains: A classification of mountain ranges 
according to their structure, origin and age, Warren Upham. 

Recent discoveries bearing on the antiquity of man. G. F. Wright. 
(Bibliothica Sacra, Apr., 1891.) 

Description of a skull of Megalonyx leidyi, n. sp., Josua Lindabl. 
(Am Phil. Soc., Read Jan. 2, 1891.) 

III. Papers in Scientific JaurnaU, 

Kansas City Scientist, July, contains: Some new species of echino- 
dermata,R. R Rowley and Sid. J. Hare. August: Some new species of 
crinoids and blastoids, R R. Rowley and Sid. J. Hare. 

Ottawa Naturalist, July, contains: Extinct Canadian vertebrates from 
the Miocene rocks of the Northwestern territories of CHinada, H. M. 
Ami. 

American Naturalist, July, contains: A review of the '* Discovery of 

the Cretaceous Mammalia,'' H. F. Osbom; Notes on Mesozoic mammalia, 

O. C. Marsh; The coming man, S. V. Cievenger; On the relations of 

Carettochelys, Ramsay G. Baur; on some new fishes from S. Dakota, E. 

D. Cope. 

IV. Excerpts and individual publications. 

On paramelaconite and the associated minerals, Geo. A. Koenig. 
(Proc Acad. Nat. Sci. Phil. April, 1891.) 

Geological Guide-book of the western excursion of the Fifth Interna- 
tional Congress of Geologists, S. F. Emmons, 8vo. pp. 156, Washington. 

On an important boring through 2,000 feet of Trias, in eastern Penn- 
sylvania, J. P. Lesley. (Am. Phil. Soc. May 28, 1891.) 

Manual of the paleontology of the Cincinnati group, Jos. F. James. 
(Jour. Cin. Soc. Nat. Hist. Apr., 1891.) 

The development of a paleozoic poriferous coral, and Symmetrical 
cell development in the Favositidee, Charles £. Beecher. (Trans. Conn. 
Acad., Vol. VIII. 1891.) 

The universtlty of man's appearance and prlmative man, Edward L. 
Anderson. 8vo. 28 pp. Edinburgh, 1891. Cincinnati, Robt Clarke ft Co. 

On the Grapevine gas- wells, J. P. Lesley. (Am. PhiL Soc. Apr. 27, 
1891.) 

Notes on Central-American Archeology and Ethnology, J. Crawford. 
(Bos. Soc. Nat. Hist. Feb., 1891.) 

V. Foreign Publications, 

Proc. and Trans, Nova Scotia Institute of Science, Vol. VII, Part 4, 
contains: Glacial Geology of Cape Breton, Honeyman; Geological 
Gleanings in Nova Scotia and Cape Breton, Honeyman; The Geological 
Writings of Rev. D. Honeyman, Gilpin; The Devonian of Cape Breton, 
Gilpin; Surface Geology of the Pictou Coal Field, Poole; A Contribu- 
tion to the Theory of Earthquakes, Maury. 

Bui- Soc. Sci. Nat. d. I'ouest de la France, Tome I, No. 1, contains: 
Etude du metamorphisme auz environs de Nozay, Loire-inf^rieure, 
Davy; Arch^en et ie Cambrien dans le Nord du Massif Breton et leurs 
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^Equivalents dans le Pays de Galles, Bigot; Sur la presence du Car' 
bonif^re en Bretagae, Lebesconte; Sur un gisement carbonif^re de T^tage 
de yis^ reconnu 4 Quenon, en Saint Aubin-de-Lulgu^, Bezier. 

Tome I, No. 2, contains : Etude petrographique des eclogites de la 
Loire-inf^rleure, La Croix; 

Archiv d. Ver. d. Freunde d. Naturgeschichte in Mecklenburg, 1890^ 
contains: XII. Beitrag zur Geologie Mecklenburgs, Geinitz; Ueber das 
angebliche Vorkommen Geschieben des Horandsteins in den nord- 
deutschen Dlluvialablangerungen, Nathorst; Das meteor von Kropelin, 
Geinitz; 

Fold. K6z. (Budapest). Vol. xxi. Nos. 4 and 5 contains: Awaruit, ein 
nickeleisen-mineral, Szabo; Beitrftge zur Foraminiferen- fauna der 
Alttertiflren Schichten von Kis-Gyor, Kocsis. 

Boletim da Commissao geographica e geologica do estado de S. Paulo, 
No. 7, contains: Notas sobre zeolitas do augito-porphyrito de S. Paulo e 
Santa-Catbarina, Hussak. 

Cursu elementaru de Geologia, de Gregoriu Stefanescu, pp. 256, 8vo, 
Bucharest, 1890. 

A manual of the Geology of India, Part lY, Mineralogy ( mainly non- 
economic), F. R. Mallet. Calcutta, 1887, pp. 179. Roy Oct. 

Die landeskundliche Literatur Qber de GrossherzogtQmer, Bachmann , 
Gftstrow, 1889, pp. 511. 

Report of the inspector of mines for North Wales and Isle of Wight, 
for 1890, C. Le Neve Foster. London, 1891. 

List of mines worked in 1890 in the British Islands. By the inspectors 
of mines. * 

Ueber den Sagvandit. H. Rosenbusch, (Neues Jahr, 1884.) 

Die UrvlerfUssler ( Eotetrapoda) des Sflchsischen Rothliegenden, 
Hermann Credner. (Natur. Wochens. Berlin), 1891. 

Zur Auflassung des Grundgebirges, H. Rosenbusch. (Neues Jahrb. 
Bd n. 1889. Heidelberg.) 

Ueber Monchiqait, ein camptonitisches Ghmgestein aus der Gefolg- 
schaft der Elftolithsyenite. Hunter and Rosenbusch (Tschermak^s Mitth. 
Min. und Pet. 1891.) 

Zur Auffassung der chemisches Natur des Grundgebirges, H. Rosen- 
busch. 1891. (Tschermak's Mittheil. Wien.) 

An outline of Mr. Mel lard Readers Theory of the Origin of Mountain 
Ranges by sedimentary loading and cumulative recurrent expansion; 
in answer to recent criticisms. T. Mellard Reade. (Phil. Mag. June, 
1891). 



PERSONAL AXD SCIENTIFIC NEWS. 



The Geological Map of Europe. *'I received an invitation 
from Berlin signed by Beyrich and Ilauchecorne, to meet them at 
Saltzburg (Austria) as a member of the committee of the geologi- 
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caJ map of Europe^ of which I have heard nothing for three years. 
Besides the two Prussians Mojsisovics came from Austria, and 
Renevier from Switzerland, and nobod}' else of the committee. 
No one came from England, nor from France, nor Russia Only 
Capellini joined me as an Italian friend. Nothing new worth noting 
was said or done, except that the announceipent was made that 
very likely the first sheet of the map, scale 1. 500,000, will be 
issued before the year is over." Giordano, director of the geo- 
logical survey of Italy, Aug. 18. 

Washington University, St. Louis, has just chosen a science- 
bred president, W. S. Chaplin, late professor of Engineering at 
Harvard University. 

Preservation of the glacial grooves op Kelly's Island. 
Through the active interest and intercession of Prof. G. F. 
Wright, Mr. M. C. Younglove, president of the Kelly's Island 
Lime and Transport Company, has been empowered to deed to 
the Western Reserve Historical Society of Cleveland, a portion 
of the land on Kelly's island, ''fifty feet wide and one hundred 
feet long," on which is presen'ed a part of the remarkable ice- 
grooving, which was visited by an excursion of the American 
Association for the Advancement of Science at the Cleveland 
meeting in 1888. These grooves are certainly the most remark- 
able ever discovered in this country, and they are to be preserved 
as an object lesson to future generations. Quarrying has 
already proceeded nearly all around this specimen, and soon the 
monument preserved will be a monument indeed ; the groove being 
left to cap a pedestal about thirty feet high, and conspicuous 
from every side. About one-half the surface will be cleared of 
debris, so as to show fifty feet of the length of the groove, while 
the other half will remain as it is, beneath its protective covering 
of pebbles, gravel, sand, and mud, which acted as the graving 
tools in the firm grasp of the ice. 

Originally a large area of this glaciated surface was exposed to 
sight. But in the progress of work upon the extensive quarry, 
the larger part of it has been removed. What is left, however, 
is ample for an object lesson. The portion of the groove pre- 
served is thirty -three feet across, and the depth of the cut in the 
rock is seventeen feet below the line extending from rim to rim. 
Originally there was probably here a small depression formed by 
preglacial water erosion into which the ice crowded the material 
which became its graving tool, and so the rasping and polishing 
went on in increasing degree, until this enormous furrow is the 
result. The groove, however, is by no means simple, but pre- 
sents a series of corrugations merging into each other by lH»uti- 
ful curves. When exposed for a considerable length it will re- 
semble nothing else so much as a collection of prostrate Corinthian 
columns, lying side by side on a concave surface. 
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Consulting Mining Expert and Geologist, 1,318 £. Street, Taooma, Wash. 
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THE ATTITUDE OF THE EASTERN AND CENTRAL 
PORTIONS OF THE UNITED STATES DURING 

THE GLACIAL PERIOD.* 

By T. C. Chambeklin, MacliKoii, Win. 

Abide from the inherent interest which lies in the determination 
of any general fact in geology, a special interest attaches to the 
determination of the attitude of the glaciated area during the ice 
invasions because of its bearing upon their explanation. I pro- 
pose to discuss h3'potheses of the cause of the glacial period in a 
separate paper; my present effort will be merely to set forth, 
somewhat synoptical ly, the leading phenomena, and the conclus- 
ions I draw, relative to the attitude of the eastern and central 
portions of the United States during that period. The special 
data appealed to have been gathered chief!}' by the members of 
the glacial division of the United States (xeological Survey, largely 
by Messrs. Salisbury, JiCverett and myself. 

/. Ghu'in-fliivuil deposits of tlic lower MisMiasi/fj^i valley. The 
material of the lower Mississippi valley derived from glacial 
waters is divided into two sharply distinct classes; fii*st and old- 
est, that which caps the bluffs of the Mississippi and mantles all 
the upland for 50 miles or more back on the east and which 
occupies the summit of Crowley's ridge that rises from the midst 
of the Mississippi bottoms in Arkansas. The second division 
occupies the trench in which the present bottoms lie and ris€»s but 

♦Read before Section E, Am. Association for the Advancement of 
Science at the Washington meeting, August, 1891. 
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little above these lK>ttom«, if at all, and is distinguishable from 
the modern fluvial deposits with difficulty. 

The deposits of the first or earlier class are wholly silts, so far as 
determined by us. Our special investigations have been chiefly 
confined to the 1 50 miles next below the drift border, but they have 
reached, in a less consecutive way, to Mississippi and Louisiana. 
After careful and protracted search, renewed on successive sea- 
sons, we have entirely failed to find any coarse drift connected 
with glacio-fluvial formations that lie above the bottom lands, al- 
though the area is great and the exposure by gullying phenomenal. 
The "Orange sands and gravels" which underlie the glacio-fluvial 
silts are non-glacial in character and seem to us to l)e demon- 
strably pre-glacial. At an}- rate, the absence of glacial pebbles, 
and even glacial sand and silt, fi-om them removes them from any 
need of special consideration in this connection, even if they lie 
supposed to be contemporaneous with the earlier glacial stages, 
for the absence of the glacial material may be taken as showing 
the incompetency of the upper Mississippi to bear such material 
southward at that time. 

Silts being then the only demonstrable representatives of the 
glacial products borne south during the ealier stages of glacia- 
tion, it is a necessary inference that the land from the lK)rder of 
the drift to the gulf was so flat and so low that only slow-moving, 
silt-bearing currents were formed. The present current of the 
Mississippi is competent to carry coarse sand and small pebliles. 
The currents of the earlier glacial period were therefore less com- 
petent and the countiy wtus flatter than now. 

(N)ncerning the glacio-fluvial deposits that lie beneath the pres- 
ent river lK)tt.oms, or lie so low as to be indistinguishable from 
the fluvial deposits of the present river, little of a positive nature 
can be asserted. So far as known from ]K)riugs and other evi- 
dences, tlu\v are not uotai)ly coarse. To the northward, in the 
glaciated region, they rise above the present river bottoms and 
have been traced back to their origin, so that we know the ap- 
proximate attitude of the surface at the time that they were 
formed. Thev mav therefore be set aside here and discusse<l 
later. 

//. Phnionif'tHt of thv Drift Bnrdtr. The nature of the drift 
l)order in the axis of the Mississippi basin, where it reaches 
fartherest south, is in itself significant of the attitude of the sur- 
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face at the time of its formation, if 1 interpret the phenomena 
correctly. The drift does not terminate in any well-defined 
morainie ridge, such as the ancient glaciers formed at several 
later stages. On the contrary, the termination is found in a 
gradual thinning out of the drift unattended by marks of forci- 
ble action on the part of the ice. Tlie inference is therefore 
drawn that the ice crept out slowly upon a low slope, the gentle- 
ness of which accounts for the lack of vigorous action or forcible 
he^iping of material. 

This inference, which by itself might have but slight value, is 
supported by the fact that the sheets of till in this border region 
to a large extent graduate upwards into pebbleless cla3's and 
thence into loess-loams, or true loess, making it appear certain 
that slack drainage was a prevailing phenomenon. 

This is further supported by the absence, in general, of coarse wash 
from the edge of these outermost drift sheets. At some points 
near the edge, but more commonly at points remote from it, there 
are beds of gravel, often taking a lenticular form, but these may 
be attributed to waters acting in channels in the ice or l>eneath it, 
where by confinement and by the peculiar conditions of glacial 
drainage they were forced to a vigorous action which they lacke<l 
when once thev had issued from the l)order of the ice. 

As a summary statement, it may lie asserted that the phenomena 
of the l)order drift in the Mississippi valley present everywhere 
evidences of slack or slow drainage, with only such exceptions as 
may l)e rationally referred to enforced vigor thn>ugh the immediate 
agency of the ice ; and that there is nowhere evidence of powerful 
or specially rapid currents of water such as must inevitably have 
issued from the glacial lK)rder, in the axis of the gi*eat Mississippi 
basin, had the slope of the surface lieen at all considerable. It 
is therefore a firm and safe inference that at the time of the form- 
ation of the drift sheets that reach farthest southward there was 
no considerable slope of the surface: not even so much as now 
exists. 

III. The S^nooth (\)ntourx aud Silt Ajh-oiu of the Ohlvr 
MoraUieH. In the axis of the Mississippi basin on account of the 
planeness of the surface and the great extent to which the ice 
stretched forward, the successive glacial stages are l)etter deployed 
than in most regions east or west where later invasions overrode 
the territory of earlier ones and ol)scured the phenomena. The 
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region is therefore peculiarly fitted to the inquiry in hand. If 
we follow northward along the axis of the central ice-lobe in 
Illinois, we encounter, within about one hundred miles of the drift 
border, a broad ridge of drift, identifiable as a marginal moraine; 
and farther to the northward, similar ridges representing later 
stages of glaciation. The first eight of these bear common 
characteristics, all significant of the attitude of the surface at the 
times they were formed. They are all broad swells of gentle slope 
and smooth, though undulating, contours with the exception of a 
few local departures. They are not pushed into rough indented 
ridges, as is the fashion with terminal moraines forced up by 
vigorous glacial action. They appear rather to l)e the submar- 
ginal accumulations of a sheet of ice creeping gently down upon 
a plain of slight inclination. This interpretation, which in itself 
might be questioned, is supported by the significant fact that on 
the outer side of these moraines there are fringing belts of silt 
produced by the waters that crept over them while pressed on the 
inner side by the ice. These bordering silt-sheets terminate in 
and on the moraines and reach out to varying distances upon the 
plain to the southwanl. 

It would appear, therefore, that we have in these phenomena 
evidences that cannot be gainsaid, that during the several suc- 
cessive stages that these moraines represent the attitude of the 
country was low, and that the drainage was more slack than at 
the present time. 

IV. The Ruggt'd JiHfgfti aitif Gravef Aprons of the Later 
Mor< lines. The preceding phenomena represent the earlier and 
much the longer portion of the glacial period. But when, in 
coming northward along the Illinois river, we reach the moraine 
which crosses at Marseilles, and when, in ascending the Wabash 
river, we reach the moraine which crosses at Attica, we find a 
notable change in the phenomena. The moraine is not only more 
rough in contour and rugged in constitution but is accompanieii by 
much more abundant evidences of wash and assortment in the form 
of gravel hills and gravel tracts. On the outside of the moraine, 
instead of aprons of silt indicating ([uiet overwash, there are 
nprons of gravel indicating more vigorous overwash. These fring- 
ing gravel tracts gather themselves somewhat promptly into the 
leading river valleys and flow down these in the trenches now oc- 
cupied by these streams, which are cut into the older sheets of 
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drift. It is worthy of note that these trenches are cut through 
the older moraines and their overwash aprons of silt and are sunk 
down into them or l)elow them. The later gravel-bearing floods 
ran at lower levels than the earlier silt-bearing waters; a clear 
demonstration of a change of attitude. It is clear from a study 
of these phenomena that at the time this moraine was formed the 
action of the ice was more forcible and the drainage more 
vigorous. The glacial waters ran away from the whole margin of 
the ice with measureable precipitancy, bearing coarse material. 
They gathered into definite channels previously cut in the older 
drift and ran along these at a rate which enabled them to carry 
gravel and sand far down their courses. Here we have for the 
first time in the histor}' of glaciation, so far as now worked out 
on this the most favonible line on the continent for such study, au 
indication of an altitude and slope of the surface sufficient to pro- 
duce vigorous drainage. 

The question now becomes pertinent, how vigorous? liow 
great a slope was indicated ? On the Illinois river, overwash 
was sufficiently strong to spread out, on the outer side of the 
moraine, plains of gravel and sand of moderate degree of coarseness. 
Immediately next the moraine cobble stones of three inches in 
diameter are not uncommon. But only a few miles away from 
the moraine, even in the main axis of the gravel stream, the 
material becomes predominanth' sand, the gravel becoming fine 
and sul)ordinate. Near Ohillicothe, for reasons not well under- 
stood, the material is again coarse but iK^yond becomes chiefly 
sand. On the Wabash similar facts present themselves. 
Within two or three miles of the moraine the deposit is chiefly 
fine gravel and sand and maintains this constitution far down the 
stream. 

If T have correlated the moraines correctly, phenomena of the 
same kind and occuring at the vSame date are found on the Rock 
river, starting about twenty miles north of the Wisconsin line near 
Jancsville: on the Wisconsin river in Sauk countv. Wis., below 
its great bend; on the (.^hippewa river a few miles above Chippewa 
Falls; on the St. Croix river a few miles alxive its mouth; on the 
Mississippi river a short distance below St. Paul; and on the Des 
Moines river, at the city of Des Moines. Similiar phenomena also 
occur on all of the important tributaries of the Ohio and the Alle- 
. gheny from eastern Indiana to northwestern Pennsylvania. In all 
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of these the facts are essentially the same ; the wash was vigorous 
near the ice-edge and became less strong southward. 

The slope of the glacial flood plain has been determined ap- 
proximately in the most of these instances, and it is found that 
the descent was considerably more rapid than that of the present 
streams near the edge of the ice, but beyond that the descent was 
only slightly greater than that of the present streams. 
For instance, the termces which represent the glacial flood plain 
on the upper Mississippi stand, at the mouth of Chippewa river 
about 100 feet alxjve the present stream. At the latitude 
of the southern line of Wisconsin, 150 miles south, the 
terrace is scarcely 50 feet high, indicating a slope of four inches 
to the mile more than the present. Between St. Louis and the 
southern extremity of Illinois the discrimination of the glacial 
flood plain from that of the present stream requires attention. 
as it only rises alK>ut 25 feet higher and is scarcely alwve the 
extreme reach of modern floods. Below the mouth of the Ohio 
it is not certain whether the glacial flood products under con- 
sideration ■ have l)een successful 1\' distinguished from deposits 
formed bv the modern river. Declines of a similar nature are 
found on the Wisconsin, the Rock, the Illinois, the Wabash, the 
tributaries of the Allegheny and the Allegheny itself. On the 
Little and f treat Miamis Mr. Leverett has found that the glacial 
fl(K)(l plains descend less rapidly than the present streams. 

But before conclusions respecting the slope of the general sur- 
face are drawn, it is to be noted that all these glacial streams 
were thposithiy and not eroding, and that their currents were not 
sufficient to enable them to carry away the burden of material 
furnished to them, so that they built up their l)ottoms until 
sufficient slope was gained. The deposits of gravel on these 
streams near the ice-margin, reach in several instances, l^eyond 
100 feet in depth. The increased slope of the flood plain near 
the moraine is obviously due to the greater load of material ami 
not to any upward curvature of the general surface. 

These Ijeing the essential facts, judgment will perhaps ditfer 
as to the precise amount of slope which the general surface pn*- 
sented at the glacial stage in (juestion, but I think no one, whc^ 
duly considers the phenomena, will maintain that the slope was 
very much greater than the present. The existing streams are 
eroding their lK)ttoms, even with their lower gradient, and the 
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glacial streams must have been very greatly overloaded with 
detritus to have been depositing streams, to the extent I 
have indicated, if their slopes were notably greater than the pres- 
ent, especially in view of the greater volume of water which the 
streams then undoubtedly bore. 

V. Phenomena of the Latent Morainett. Within the outer mo- 
raine which bears this overwash apron of gravel are other and later 
moraines which present like phenomena, but in no case are they 
more striking, except locally and narrowly, and in most cases the 
overwash and drainage phenomena are more feeble. The moraine 
next succeeding is almost equally coarse and rugged in its develop- 
ment and is accompanied by almost equally coarse and abundant 
drainage drift, indicating the existence of about the same topo- 
graphic conditions; but the later moraines generally display 
feebler drainage phenomena indicating a return to the flatter con- 
diti(m of the earlier glacial epoch. 

yj. Larustrinc and Marine Phenomena. Contemporaneous 
with some of these later moraines and extending thence down to 
the close of the glacial period there was a succession of glacial 
lakes occupying the north-sloping basins. The presence of these 
lakes, the attitude of their shore lines and the position and char- 
acter of their discharges indicate that low elevation prevailed 
during the closing stages of the glacial period. The same fact is 
proved more conclusively by the marine deposits on the Atlantic 
coast which were contemporaneous with the pi-esence of the ice. 
The facts under this head are tw) familiar to reciuire more than a 
passing reference here. 

In the sketch thus far, I have followed the phenomena of the 
Mississippi basin Viecause the drift is there deplo^'ed so advan- 
tageously and because its indications seem so conclusive, but the 
phenomena on the Suscjuehanna and Delaware rivers, as brought 
out by the studies of Lewis. Mcdee, SalisV)ur3' and others, as 
well as our own, testify to a like general fact, though in far less 
detail. The ealier glacial deposits there, as in the Mississippi 
valley, appear to have >>een accompanied by less vigorous drain- 
age and ti) have >)een coincident with the suinnergence of the 
coast region. The later deposits were accompanied Viy somewhat 
more vigorous drainage than the present, precisely as in the 
Mississippi valley, but the glacial streams were there also deposit- 
ing streams, and the phenomena do not se?m to me to indicate 
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much greater slope of the general surface than the present, jjos- 
sibly no greater. 

In the discussion thus far the attitude of the surface has lieen 
considered and a harmonious altitude has been assumed as a 
necessary factor. Abstractly it might be held that the whole 
region was lifted bodily without disturbing its flat surface atti- 
tude, but the drainage at the edge of such a plateau, formed of 
erodable material, like that of the lower Mississippi region would 
speedily revolutionize the whole drainage phenomena and the 
topographic aspect of the valley. It is utterly incredible that the 
silts that cover the west half of the state of Mississippi were 
deposited at even their present hight by a stream fifty, if not a 
hundred, miles wide. No such stream could exist on the brink of 
such a plateau of soft material, or, if once formed, could main- 
tain itself for an appreciable fraction of the silt-depositing period. 
It is equally incredible that the broad trenches of the Mississippi 
and its tributaries could have been formed under plateau con- 
conditions. The whole phenomena show that low altitudes went 
with flat attitudes. 

17/. General ConcluHioun. From this survev, which has 
necessarih' l)een hasty and synoj)tical. since the details are multi- 
tudinous to the last degree, I draw the following inferences : 

Fii'st. That throughout all the earlier stages of glaciation thus 
far determined in the Mississippi basin, the attitude of the land 
was lower and flatter than at present and the drainage slacker. 

Second. That during the earliest stages of what T have lieen ac- 
customed to interpret as the later glacial epoch, the attitude of this 
region was not far different from the present; jwssibly somewhat 
more elevated, and sloping somewhat more rapidly to the south, 
but the gradient could not have been very considembly greater 
than the present. 

Third. That during the inter-glacial epoch the attitude of the 
country was such as to permit erosive drainage to the depth of 
one hundred or more feet V)elow the present flood plains of the 
leading streams, but that the elevation of this pericHl was not ex- 
cessively great is inferred from the fact that the trenches so cut 
were broad as well as deep. 

Fourth. That during the closing stages of the later glacial 
epoch the attitude of the country was again flat, being toward its 
close, more depressed than at present. 
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I invite attention to the fact that the area covered by these 
phenomena is broad l)oth in longitude and latitude, and that it 
covers the larger part of the territory that has been critically 
studied with reference to such determinations. This territory is 
sufficient to constitute a large factor in any conclusions that can 
rationally l)e drawn respecting the attitude and altitude of the 
general area of glaciation of northeastern North America during 
the Ice age. and this area is the great area of glaciation and must 
form the central ground upon which the ultimate question of the 
cause of the glacial period, and the relationship of the altitude of 
the land to that cause, must 1k» settled. 



AN OUTLINE OF MR. MELLARD READE'S THEORY 
OF THE ORIGIN OF MOUNTAIN-RANGES BY 
SEDIMENTARY LOADING AND CUMULA- 
TIVE RECURRENT EXPANSION. 

IN ANSWER TO RECENT CRITICISMS. 

By T. Mbllaud Keade. 

From the PhiloH0j>hic4tl Magazine for June, 1891. 

iNTROnUCTlOX. 

It is now four years since the ''Origin of Mountain-Ranges" 
was written, and during that time it has been subjected to consid- 
erable criticism by many able men in various parts of the globe. 
I have purposely refraineti hitherto from answering any of the 
objectors to my theory, feeling that it would be better to wait 
and weigh them. It appears to me now that most of the criti- 
cisms primarily spring from an imperfect realization of its prin- 
ciples, scope, and details. 

The misconceptions no doubt largely arise from the complex 
nature of the problems and the difficult}' of keeping the various 
threads of the argument unravelled. Tnder these circumstances, 
I have thought that the l)est reply I can make is to restate in a 
shorter manner the various salient points of my theory. Prob- 
ably, if I had given the theor}' a name, and properly christened 
my bantling before sending it forth in the world to seek its for- 
tunes, I might have been saved from paternal difficulties. 

To prevent further misconceptions, I now name vay theory the 
**Origin of Mountain-Ranges by Sedimentary Loading and Cumu- 
lative Recurrent Expansion." 
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The outline here given is of the barest character, and for illns- 
trations, details, proofs, and quantitative calculations I refer 
those who want to know more to the work itself, as also for those 
portions which deal with other theories, and are of a destructive 
rather than constructive nature. 



Condition op the Earths iNTEftuiR. 

The Earth a Solid Spheroid. 

The latest mathematical investigations go to prove that the 
earth, taken as a whole, is solid, having a rigidity between that of 
glass and steel. The facts of physical geology are in accord with 
this view ; for if the interior be wholly fluid, as some few contend, 
or if the nucleus l>e solid and the exterior shell solid with a zone 
of molten matter between, as others assume, the explanations of 
the physical conformation of the surface, its mountains and 
ocean-basins, become questions of flotation only. 

The cnist of the earth would be like a sheet of ice. This fact 
seems to nae never to have been fully realized by those theoristn 
who favor either of these views. 

The ^licleiis of the Earth pogHesxes a high Ti'iiiperature. 

There is such a general consensus of opinion that the earth at 
a depth of from 25 to 30 miles below the surface is at a tempera- 
ture equal to that of molten rock at the surface that it is unnec- 
essary for me to go over the arguments in favor of this widely 
prevalent view. If we assume that it is so, a very little calcula- 
tion will show that matter at the depth of say 150 miles is subject 
to an enormous pn»ssure, to which we can flnd no parallel by ex- 
perimental methods at the surface. Thirty miles= 158.400 feet: 
so that if we estimate that a column of the crust of the earth one 
inch square has a mean weight per foot of 1.5 pounds,, the pres- 
sure at the depth of HO miles will be in round numl)erH not less 
than .100 tons per s(iuare inch, or 14,400 tons per square foot. 
It has been proved by the experiments of the late Mr. Hopkins 
that there is in certain solids a relation between the melting- 
|>oint and the pressure; so that, if the rock at the depth of HO 
miles is at a temperature sufticient to melt it under ortlinary pres- 
sures at the surface, the additional pressure of 100 tons j)er 
scjuare inch may solidifv it by raising its melting-point, or at 
least render it plastic. If the pressure increase more rapidly 
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than the temperature nH the earth is penetrated, what may be 
only semi-solid at 8(» miles may become rigid at greater depths. 

These points, from their nature, are incapable of dii*ect demon- 
stration, but possess a high degree of probability. 

Shell of Greatest. Mofniitt/. 

Although not accepting the h^'pothesis that there is a fluid zone 
under the earth's crust, it would follow fi*om the preceding con- 
siderations that the shell occup^'ing the space between the solid 
rigid crust and the compressed rigid nucleus would respond to 
changes of pressure or temperature more readily than either the 
crust or the nucleus. 

Facts of Physical (tEowMn'. 

AU great }/foHnt*i hi- Ranges are coinpotteil of gr^at thirktifSscK of 

SeiHinentary and other DepoHitH. 
That all great mountain -ranges are composed of great thick- 
nesses of sedimentary and volcanic deposits and igneous intru- 
sions is a fact admitting of demonstration. It is true of the 
Alps, the Andes, the Himalayas*, the Rocky mountains or North - 
American cordillera, the Appalachians, the mountains of the 
Caucasus, and the T'^rals. The 'question at once arises in the 
mind, ''Is this cause and effect?" If not, it is a coincidence 
somewhat in the nature of a miracle. If anyone example to the 
contrary could be quoted, the argument of relation would l>e 
weakened, certainly not disposed of, y)ut, so far as present 
knowledge extends, not one can be found. 



*Mr. C. S. Middlemiss, in his extended criticisms on the **Origin of 
Mountain-Ranges*' (Memoirs of the Geological Survey of India, vol. 
xxiv, part 2; Physical Geolog}"^ of the Sub-Himalapra of Garhwal and 
Kumaun). calls in question this principle, though it is admitted by nearly 
all geologists since Dr. James Hall established the fact as re^rds the 
Appalachians in 1857. Quoting my words in the "Origin," "It is impos- 
sible to point to a range of mountains which has been built up of old 
denuded rocks,*' he completely misinterprets my meaning, which I had 
thought was plain enough from the whole tenor of the work. To give 
an illustration in the form of a prediction, I aver that no mountain- 
range will ever be built up out of any portion of the present land-area 
of Europe unless, and until, a basin of deposition has been established, 
and a thick sedimentary series deposited thereon. The old rocks may 
then be forced up along with the new, and form a constituent part of 
such a range. Unfortunately, as regards the Himalaya, information is 
meagre; but the granitic axes pointed to by Mr. Middlemiss as forming 
the highest peaks of the Himalaya are just what are retiuired by my 
theory. 
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Si'd iinentary Deposits out of which Mountain' Ranyes hdvc been 

built up ejrtend over Vast Areas, 

The deposits out of which great mountain -ranges have been 
elaborated by foldings, intrusions., and up-heavals are not con- 
fined to the ranges and their immediate neighborhood, but extend 
over vast areas. Speaking generalh', modern geological investi- 
gation goes to prove that the thickest deposits lie, or have lain, 
towards the axes of the chains, though they may have been de- 
nuded from the actual axes*. Beyond the more folded and dis- 
turbed portions of the cham which often, so far as the newer 
sediments are concerned, lie on the flanks, the strata take on 
more gentle curvatures until, as in the case of the Urals, the Ap- 
palachians, and elsewhere where observable, they become nearly 
horizontal, or only have dips due principally to faulting. 

The Tertiary and Cretaceous rocks extend from the Alps to the 
(^iucasus and across the Mediterranean to the African coast, and 
may lie far beyond, as little is known of the geology of that part 
of the continent. They reappear in the Himalayas, and may be 



♦Mr. Arthur Winslow, State Geologist of Missouri, in a paper just 
published in the "Bulletin'* of the Geological Society of America, en- 
titled "The Geotectonic aud Physiographic Geology of' Western Arkan- 
sas'* (vol. ii. pp. 225-242), has applied the prinoiples enunciated in the 
"Origin of Mountain-Iiangei:i>** to the explanation of an area in the 
AVestern part of the state tributary to the Arkansas river, 100 miles long 
in an east and west direction by fifty miles* broad in a north and south 
direction. It is shown in an admirably concise and« clear manner that 
the system of parallel interlocking anticlines and synclines having a 
general axial direction east and went is essentially Appalachian in char- 
acter; that the Carboniferous strata of which they are composed in- 
crease in thickness from Missouri southwards into Arkansas; that the 
lateral movement has come from the South, and that the thickest strata 
are the most flexed. Mr. Winslow shows— a point that I have strongly 
insisted u))on as characteristic of anticlines —that these geological 
features are elongated canoesbaped domes having quaquaversal dips. 
He considers that the expansion of the lower layers of rock produced 
by the rising of the isogeotlierms and their consequent protrusion in the 
form of anticlinal cores has fractured the apices of the arches, and thus 
exposod the upper layers to energetic denudation. He infers also that 
the developed sections of such foldings are no measure of the original 
horizontal length of the beds- -a principle I have strongly upheld, and 
which is being conceded by most geologists who have studied mountain- 
structure. The district seems to be one in which thft first principles of 
the dynamics of mountain-building can be well analyzed, as there is not 
such a complexity of causes to be considered and discounted as in the 
more colossal disturbances of the great mountain-ranges of the world. 
A few careful studies of mountain physiography such as this by geolo- 
gists who have the opportunity and are equipped with the necessar}' 
physical knowledge would be of inlinite service. 
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continuously connected, though this has not yet been . proved. 
The same formations extend far to the eastward of the Rocky 
mountains and the Andes, and most probably to the westward 
under the Pacific ocean. 

The greatest ranges of the world have been elaborated in Cre- 
taceous or Tertiar}' times, and the connection between sedimenta- 
tion and upheaval is here most striking. 

Sediments out of which Mountain- Ranges have been elaborated were 
laid down in Basins or Troughs formed by the bending of fhf 
earth's crust. 

The thickness of the rocks, mostly conformable, composing 
some great mountain-ranges has been estimated bj' competent 
geologists at from eight to ten miles. The bulk of the rocks, as 
judged b}' their constitution, are usually considered by geologists 
to largely indicate either a moderate depth of water or actual 
shallow conditions. These rocks are intercalated with others ex- 
hibiting signs of a more oceanic origin. All the mountain - 
ranges mentioned may be pointed to in illustration of this state- 
ment. There is thus evidence that regional fluctuations of level 
in the earth's crust have taken place on a large scale often suc- 
ceeded by, as in the case of the Coal-measures, continued down- 
wai*d subsidence combined with shallow-water conditions. 

It is evident, from these facts, that the great earth-troughs, 
in which these materials for mountain-building were accumulated, 
were in some cases, on the final completion of sedimentation, 
double the depth of the deepest known oceanic troughs, which do 
not reach more than five miles. 

Considering that there is a strong development of Cretaceous 
and Tertiai-y rocks extending along the western coast of North 
and South America, it is seen that these operations have there 
been carried on on an unusual scale. Deposit and alteration of 
level, elevation and subsidence, but preponderantl}' subsidence, 
progressed for an immense length of geological time in these 
areas, occupying not a mean portion of the earth's history. 

It is not, however, to be assumed that this was a continuous 
trough at any one time, rather that it consisted of a series of con- 
nected basins which underwent independent changes of level, the 
area being part of the time low-h'ing land interchanging with con- 
ditions of submergence. 
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Vnlcntnc action often contemporaneous irith the lat/ing-tlotrn of 

materials for Mountain-huihliny. 
Contemporaneous intrusive sheets of volcanic rock are a com- 
mon occurrence in some part of tlie sedimentary history of a 
mountain-range. In addition, it is frequently found that vol- 
canic ashes laid down in water, or subaerially, have a large de- 
velopment in rocks composing mountain -ranges; and necessarih'. 
if these occur, dykes and volcanic rocks of the same age must 
oxist in the foundation materials of the range. 

DvNAMicAL Principles. 

Ever}' theory which has hitherto been proposed to account for 
the elevation of mountains and the folding of the stratified lieds 
forming the earth's crust hinges finally' on changes of tempera- 
ture. Thus the tangential force generated in a rigid crust of low 
temperature by the cooling and shrinking of the earth's nucleus 
has l)een invoked to account for the crumpling of the crust into 
mou ntain -ranges ; the crumpled skin of a dried apple being the 
stock illustration. In this case, the force called in is continuous 
contraction by loss of heat. The theory which I have elalM>rated 
is one dependent upon aUemations of temperature in the crust, 
contraction and expansion both l>eing agents of uplift and lateral 
pivssure. 

Basins of J)ejn}sifion and Loatliny of the earth's crust. 

It has alreadv been shown that the establishment of basins of 
de|K)sition is the condition precedent to the building of a moun- 
tain-range. There can be no deposition if there is not land-area 
enough either in the shape of continents, islands, or active vol- 
canic orifices, or all combined or successive, to vield the neees- 
sary sediment. This furthermore implies considerable stability 
of conditions over lengthened periods of time combined with local 
mutations and changes of level, and, as I have. indicated, we have 
the history of these mutations within the rocks of a range. The 
distril)ution of sediments is dependent upon the depth of the 
water surrounding the land and the currents of the sea (when 
they are not laid down in lakes or subaerially by rivers); but. 
whatever the conformation of the coast and sea-l)Ottom. a c<m- 
tinuous discharge of sediment upon it must in time loml it. and. 
as proved hy the enormous thickness of rocks composing great 
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Tuoiintain-ranges^ l>end the crust below the maximum depth of 
any oceanic depression. 

This necessar}' subsidence again insures the establishment of 
the basin of deposition and its continuous existence. 

Displacement of matter in the Shell of Greatest MohiHty. 

If the matter in a shell of the earth between the nucleus and 
<*rust is in the condition I have postulated, it is evident that a 
lateral displacement of the matter of the shell must take place to 
.some extent through weighting by sediment, and this will have its 
•effect in raising the levels of the earth's crust surrounding the 
])asin of deposition; but will not be an agent in mountain- 
building. 

Movement of the Isogeotheritix. 

It is evident, from the variations in the rate of increase of 
temperature that exist in various localities as the crust is pene- 
trated, that the lines of equal temperature (isogeotherms) in the 
i^^rth's crust are subject to change, for it is not to be supposed 
that the temperature gradients have remained in their existing re- 
lations for all time. 

It is also evident, as first shown by Babl)age and Herschel, that 
the covering of any particular area of the earth with sediment 
will necessarily raise the temperature of the crust lielow*. If, 
therefore, we assume a thickness of 10 miles of sediment to l)e 
laid down in a basin of deposition or earth -trough, and the rate 
•of increase of temperature to l)e one in fifty, what were originall}' 
surface-rocks possessing a surface-temperature determined >)y the 
climate of the locality will be raised in temperature over 1,000° 
Fahr., and eventuall}' the whole of the underlying rocks of the 
earth's crust even below the shell of greatest change will be pro- 
portionately affected. The 10 miles of overlying sediments under 
ijuch conditions would be raised 1,000° Fahr., at the ])a8e, dimin- 
ishing to zero at tlie surface. 

KffevtH of the rise of temperature on the Fonndation Rocks. Ini- 
tial Stage. 

The section of the crust of the earth weighted and heated at 
the same time will be subjected to a gradually increasing com- 
pressive stress. So long as the actual expansive force of the 
heated crust is insufficient to raise the weight of sediment being 

*ThiB is well explained both by Babbage and Herschel iu the 9th 
Bridgewater Treatise. 
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piled upon it, it will continue to sink, though subject to vertical 
pulsations of level due to other causes, which it is not my object 
to treat of here. But there will eventuallv come a time when the 
accumulated stresses of the expanding rocks will overcome the 
weight of sediment, and then the upheaval, folding, and building 
of the mountain- chain will begin. But it is not to be supposed 
that the rise of temperature takes place with the mathematical 
precision described here for mere purposes of explanation*. T 
have shown that volcanic action often contributes to the founda- 
tion materials of a mountain-range, and that intrusive sheets and 
dykes penetrate the sediments, and ash beds are laid down before 
the initial movement ushering in the birth of the range takes 
place. It is evident from this that there will be great variations 
of temperature taking place in the foundation crust and the sedi- 
ments during their laying down. 

The whole series of rocks, volcanic and sedimentary, will form 
a complex which will l>e simultaneously, but differentially, affected 
by the folding and elevation when that begins. 

Unlocking the igmous forcrx of the earth. 

When once the elevation initiated onl}* by piling-up of sedi- 
ment, the sinking of the crust, and its consequent heating — 
otherwise by the rise of the isogeotherms — is established, a move- 
ment of the interior heated matter of the earth must take place 
towanls the axis or axes of the range. This is proved by the 
frequency of granitic cores in great mountain -ranges, by the vol- 
canic action accompanying their elevation, and its persistence or 
recurrence in a range even late on in its history, as instanced by 

♦This seems a fruitful source of difficulty with some minds, beginning 
with Hopkins and ending with Hutton, Fisher, and Middlemiss. Their 
position seems to be this: if the rise of the isogeotherms into the new 
deposits eventually wrinkles and lifts them, why does it not begin at 
once? Why, for instance, should not 100 feet in thickness cause a rise, 
and if it does, how can thick beds ever be deposited? But there are 
thick beds, so the alleged primuin uuthUe never acts. Q.E.D. 

After making, as I fondly thought, full explanation of the mmhi* 
(Operandi, I never anticipated the establishment of what a sense of 
humour compels me to call another pom^ asinornm. Even supposing the 
isogeotherms rose as rapidly as the deposits were laid down, the deposits 
could not be lifted until sufficient force accumulated to overcome the 
gravitation. But in a sinking area, as I have pointed out, if there be 
anything in the principle invoked, the presumption is that the isogeo- 
therms are in process of sinking also, and it may take a lengthened 
period of sedimentation before they begin as a series to move upwards. 

There are many other possible conditioning causes. A practical 
mechanical mind should soon see through this imaginary difficulty. 
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the Andes, Rookies, and the mountains of the Caucasus, where 
volcanic cones surmount some of the highest granitic peaks, show- 
ing that these are the lines of least resistance through which the 
interier forces of the earth expend themselves. 
Heating of the rocks of the Mountain-Range recurrent find con- 
stantly renetred during its history. 
It is thus seen that the heated interior matter of the earth is 
constanth' being drawn towards and injected into the constituent 
framework of a mountain-range. When once the elevation of 
the sediments consolidated into rockj' matter in the earth-trough 
begins through the influence of lateral pressure and the expand- 
ing mass beneath, a reduction of pressure and incr€»ase of volume 
takes place in the underlying fused rock. The compressive 
stresses of the rigid rock are partially relieved ))y folding and 
upward flow, and the temperature of the mass falls. Additional 
fused matter has been drawn from the interior, and in process of 
time the I'ocks of the range begin again to rise in temperature. 
Such fluctuations of temperature are well shown in the intermit- 
tent character of volcanic action. After a great outflow of lava, 
a volcano is quiescent, sometimes for centuries. It has lost so 
much matter and so much heat, but the forces accumulate 
during the time of quiescence to burst forth with renewed vigor. 
Such intermittent activity T conceive is what takes place on a 
larger scale in the histoiy of a mountain-range, but with greater 
time-inter>'als. 

Difnnrnical Effect on the strata of the crust hif Rise of 

Temperature. 
The effect of a rise of tempemture on the rocks of the earth is, 
excepting in . the case of unconsolidated clays, to increase their 
bulk. From a great number of experiments made by me on 
sandstone, slate, limestone, and marble, I have estimated the co- 
efficient of expansion of average rock at 2. Ih feet lineal per mile 
for every rise of 100° Fahr. ; but there is every reason to believe 
that the coeflflcient of expansion rises at higher temperatui*es than 
those at which my experiments were conducted. It has been 
urged by some of m}' critics that T have not allowed for the com- 
pression of the sediments fllling the earth-trough into denser 
masses, but have credited all the expansion to mountain-building*. 

♦Hutton, Presldental Address, Section C, Melbourne Meeting of the 
Australasian Association for the Advancement of Science, p. 89." 
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It hiis heeu overlooked that I have already explained that the 
weight of the mtiss aloiie will, by compressive extension, consoli- 
date the beds l)elow by reducing their thicknass. Also the denser 
sedimentsirv rocks are often denser onlv bv infiltration. This is 
particularly the case with sandstones, where the conversion into 
the final stage of quaitzite is by the dej^osit of secondary silica 
in the intei*spaces of the grains, not by condensation. 

Clays contract on heating; but, according to my viewij. the 
contraction of such l^eds in an eaith-trough will be vertical only, 
by reason of the superimposed weight. A stage of metamor- 
phism is at least arrived at, as we see in clay-slate, when the ma- 
terials of that rock, originally clay, become metamorphosed so jis 
to behave like other rocks, and expand with a rise of temperature. 

Even if these criticisms possess much force, tliey do not apply 
to the rocky crust of the earth already consolidatcHl forming the 
earth-trough in which the sediments are laid down. There will 
l)e little or no loss by condensation in them, only straining or 
change of form. It is obvious that deep-seate<l rocks must be 
so compressed by simple gravitation, that lat^^ml pressure will 
have little effect in furtht^r condensing them. 

Rrcun'vitt t\rj)<iiision raunilalirv in its I'ffcc.tii. 

If a given area of the crust of the earth is raised in tempera- 
ture, when the limit of elasticity is i*eache<l the surplus material 
must be disposal of by a change of form; it will rise in the line 
of least resistance. 

Assum(» that the surplus due to the cu])ical expansion of a 
horizontal sheet is thrown into a ridge, and that then a fall of 
temperature takes place to the same extent. The material ridged 
up can never be*<lrawn back again: it becomes a permanent feat- 
ure of the earth's surface. The contraction must be satisfied in 
another way, either by breaking up into blocks, faulting and sub- 
sidence exteuiling through its sul)stance, or by vertical coutrac^ 
tion alone, and the lengthening of the beds by compressive exten- 
sion due to the weight of superimposed materials. Probably 
lM)th these principles generally come into ojjeration together in 
nature. The earth is bound to retain its soliditv in whatever wav 
that may be satisfie<l. If a rise of temperature then succeeds, 
the etfect will be as before, and deformation will result, its localitv 
lH»ing determined l>v the line of least resistance. 

In the case of a UKKUitain-range it will take place along or 
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parallel to its axis, and the range will receive another accession 
of bulk. 

Thus we see that the effect 'of alternation of temperature 
in the earth's crust leading to the establishment of mountain- 
chains is cumulative. This cumulative effect of small alterna- 
tions of temperature may l)e seen in the ridging- up of any old 
lead gutter, lead fiat, or lead-lined bath or sink. Tt has been 
likened to a -'rachet" movement, which is not an inapt illustra- 
tion if taken with the necessary qualifications. 

Effects of contraction. — Normal FAirr/riNo. 

Normal faults, that is faults that hade to the downthrow, are 
the result of contraction, and are posterior to the first plica- 
tion. Any section of a mountain -range traversed ])y normal 
faults shows the folds sheared in a way that proves this. Nor- 
mal faulting is, however, most prevalent in the less disturbed 
strata that flank a range. The mountain -range pushed up l)y 
successive lateral thrusts or recurrent expansioius acting over a 
great length of time and the folds thn)wn back and further com- 
pressed by the cores of gneiss and granite intruded into them, 
iK^comes a solid mass which cannot be drawn back ])v contraction. 
Contraction therefore has its maximum effect on the more hori- 
zontal deix)sits that fiank the range, and extend for consideraV)le 
distances on either side. 

As the crust of the earth must remain solid, the condition is 
satisfied b}- shearing and wedging- up by gravitation, — othemise 
by normal faulting. Contraction of igneous masses beneath may 
induce this faulting in some cases, but it is not a necessary condi- 
tion. Cubical contrtu'tion of the solid crust is suflftcient. 

Ausirei's to mome objWtlotis. 

The object of this outline of my theory is to focus its salient 
points, as many of my critics for some reason or otlier have failed 
to grasp them. What they critcise is fre(iuently not ni}' theory, 
but some rather vague notion called the ''Hei*schel-Babbage' 
theory. What is exactly covered by this description 1 have a 
diflliculty in ascertaining. On the other hand, one writer calls 
Mr. (). Fisher's theory, with which mine has no analogy, the 
*»Herschel-Babbage " theory. I trust I shall give no offence by 
repudiating this labelling and claiming the theory as my own. 

Neither Iferschel, Scrope, nor Babbage ever advanced so far as 
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to elaborate what could he justly called a theory of Mountain- 
building. They gave to the world some fruitful suggestions, and 

• 

acute reasoning ther(»on. which have been of considerable use to 
a succession of speculatoi*s in geological physics, and to myself 
among the rest*. One of the most freciuontl^' urged objections 
to ray theory is the supposed inadequacy of expansion by rise of 
temperature to account for the excessive folding some mountain- 
chains have undergone, linear expansion only being considered. 
My reply to this is that even linear expansion alone places at our 
disposal more lateral movement than anv other theorv. It is 
true that those speculators who have invoked tangential thrust 
through the assumed shrinking of the earth's nucleus, have had 
at their command any amount of lateral movement their imagina- 
tion liked to draw upon, hence the simplicity and success of the 
theory — for a time. It has, however, been shown pretty clearly 
that the bank upon which these cheques have been drawn is one 
of very limited liabilityt, and quite unequal to honoring them. 

Prof. Ilutton, in his very able address to Section C of the Mel- 
bourne meeting of the Australasian Association for the Advance- 
ment of Science, gives an excellent rpHume of the various 
hypotheses that have been suggested to account for mountain- 
building. I confidently appeal to his description to show tliat, 
omitting the theory of secular contraction of the earths nucleus, 
which he disposers of very effectually, none of the suggestions, 
theories, or hypotheses except the one I supiwrt provides any 
lateral movement other than that due to intrusions of molten 
rock. 

Prof. Kutton, in his description of my theory, doubtless given 
in the greatest good faith, leaves out what are in my view some of 
its vital and essential portions. I gave as an illustration the 
cubical expansion of an area of rock 500x500x20 miles, and 
showcHl that it would, if raised 1,000° Fahr., have an effective 
increase of bulk of 52,1*55 cubic milest. Prof. Ilutton seems to 
assume that this is the Alpha and Omeu.v of mv theorv — the 
))eginning and the end. I cannot but think it strange that he 

^Until after my work wa» published I had read nothing of this but 
what was contained in Lyell's ^'Principles** and letters, and Babbage*8 
paper, read before the Geological Society in 1884, nor had I read ScropeV 
views. 

+See Hutton's examination of this theory in the Address referred to. 

J "Origin of Mountain-Ranges," p. 110. 
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should take this view, as one of the first chapterst details ilhis- 
trative experiments to give the reader the first conception of re- 
current expansion. 

The fact is, that there is no limit to the lateral movement pro- 
vided by recurrent expansion, excepting the natural limit of the 
numljer and intensity of the successive changes of temperature. 

I can assure Prof. Ilutton that if I had advanced no further 
than the single constructive conception of cubical expansion as 
an agent in Mountain-Building, in itself original — or, at all 
events, not contiuned in the Ilerschel, BablKige, Scrope, or Lyell 
conceptions of the efifex^ts of expansion on the earth's crust — the 
* 'Origin of Mounttiin-Ranges' would never have been written. 

Conclusion. 

The object of this outline being to correct some prevalent mis- 
conceptions of my views, I have confined myself principally to 
restating in a shorter form the essential principles of my theor}' 
of mountain-formation by sedimentary loading and cumulative 
recurrent expansion. For all the details, proofs, illustrations, 
and numerical calculations T must, tis before stated, refer those 
interested to the original work. Perhaps it may lead some who 
have already read the •'Originof Mountain-Ranges* to again read 
and reconsider it, when I trust the points T have touched on in 
this outline will add to its luciditv. Honest criticism, even if 
severe, is one means of elucidating the truth, and T not only 
invite but welcome it. 

Park Comer, Blundellsands, 
Liverpool. 



NOTES ON CAMBRIAN FAUNAS. 

By (t. F. Mattiikw. St. John, New Briinrtwick. 
1. The Tdfonic Fauna of EmniouH compared u'lth Camhrian 

liorizonH of the St. John Grouj). 

In view of the discussions now going on or that have been held, 
in regard to the vexed (questions of Taconic and Cambrian, a few 
words of comment on this long imperfectly-undei'stood and little 
known fauna, may not be considered out of place from one who 
has been at work on the lower palaeozoic rocks of a neighbor- 
ing region. 

Emmons' original types have at length ])een fully elucidate<l, 

*Ih£(I. Chap. III. 
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and to them have been added many species fn>m Lower Cambrian 
horizons by various authors and especially of late by Mr. C I>. 
Walcott until we now have what seems to be a verv' formidable 
array of species. These are all classed together as the *'01en- 
ellus fauna", but there appears to be room for a consideral)le im- 
provement on this general classification in the future, when the 
relations of the different groups of strata shall be l)etter under- 
stood. To the writer it appears that there are indications of more 
than one horizon of life in the assemblage of forms that have 
been collectiveiy designated the Olencllns Fauna. This appears 
to me t4> be indicated by the fauna of Washington county, N. Y., 
the source of Kmmons' types, and which has been recently 
studied by Mr. AValcott.* 

Until lately, and in fact until Mr. Walcott undertook this ex- 
ploration, this fauna was so imperfectly known, that except as 
regards OfeneJittft atsap/toitfeH no use could l)e made of Kmmons' 
discoveries for the exact comparison of faunas. 

It is true that Mr. S. AV. Ford pronounced Atojm trilutfatu* a 
Couocoryphe, but without a figure and without knowing the 
sense in which he used the name no definite advantage came 
therefrom. This term Conocoryphe had Iwen so loosely used in 
England and elsewhere that it had lost its generic value when 
cui-sorily used. Mr. AValcott's figures however enable us to see 
that Atopx ti'i/iurafKM is a true Conocoryphe. 

In taking up the most prominent genera of this Washington 
countv area one mav begin with 

( ^ntifcorifplip tri/titcfittt. t 

This species is of especial interest as combining the head of a 
(\)nocoryphe with the p^'gidium of a Ctenocephalus. It is not 
a Ctenocephalus however, because the characters of the heatl 
shield should receive the first consideration, and these make it 
a (\)nocoryphe. As a Conocoryphe it should have but fourteen 
to sixteen segments in the thorax: the seventeenth segment in 
this species will represent the first segment of the pygidium of an 



*Fauna of the Upper Taconic of KnimonB in Washington Co., N. Y. 
('. 0. Walcott, Am. Jour. Sci. Vol. xxxiv, Sept., 1887. 

tThe author fully a<j:rees with Mr. Walcott that it would not be wise 
now to attenijit to fpstore the name Atops for ConocoryiUie as it would 
upset the nomenclature of the latter genus, largely used for more than 
forty years. Atops was not defined so as to l)e recognizable, either at 
tlie first, or for many years afterward. 
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ordinary Conocoryphc in which this segment is anchyiosed in 
the pygidinm, and not free us represented in (\ trilineata. 

Wherever known (except in this district of Washington county) 
the home of the (^onocoryphea is in the Lower Paradoxides beds. 
This is the casein the south of France, in Spain, in AVales, and even 
in Sweden. In this latter country a species has been found in 
tlie Upper Paradoxides beds, but still the great swarms of these 
trilobites are found in the lower ])eds. This is also strictlv the 
case in the St. John group. 

OJencllus (laaphoufejf.* 

The fact that this species is not intermingled at anj- locality 
with the Olenelli of Vermont, seems to me significant; and proba- 
bly shows that we are dealing with a fauna of a different horizon 
from that w^here (), thompsonl and 0. (J/.) rerniontiana occur. 
Had this species been found in a region distant from the two 
Vermont species, it might be regarded as a cotemporary regional 
variation of the type, but being so near at hand the probablilities 
are in favour of a difference of age between the Olenelli of the 
two places. O. aHaphoiden is the species w^hose development was 
so well shown by Mr. Ford, and by him compared to that of 
Paradoxides. 

Mici'inlUruH con ue.riiH. 

This species shows points of close resemblance to those of 
the Lower Paradoxides Ix^ds. It is a composite of the characters 
of M. (hnrsoni of the St. John group on M, eMrrutrmoi Sweden. 
Dr. Linnai-sson in his essay on the Lower Paradoxides beds of 
Andnirum, gives a careful anal^'sis of the layers which make up 
these beds, and of the faunas which they contain ; and it may >3e 
seen that M. euventrmt comes from beds which by the contained 
fauna correspond to the highest of our Div. 1 , c beds and the low- 
est of 1, f/t. Thus the form appears to have shown itself a little 



♦This species was originaly descril)€d by Emmons as Elliptocephahi 
nsaphoideg^ and it appears to me now, that this name should have been 
retained; but I use the name by which the species is commonly known. 
f"For the convenience of those not familiar with the series of faunas 
found in the St. John group, the notation is given below: 
Division 1 (Acadian). 
a. No fauna known. 
I), Fauna with Agraulos articephalus. 
r, 1. Fauna Paradox, lamellatus, c. f . oelandious. 
r. 2. Fauna Paradox, eteminicus c. f. rugulosus. 
<1, Fanna Paradox, abenacus c. f. tessini. 
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later in Sweden than in New Brunswick (Canada), iis M. dawsoni 
characterizes the lower beds of I)iv. 1 , c. But still the form in 
both countries is within the Lower Paradoxides beds. 

Jjtn ua rH907i in taeon iva . 

Mr. Walcott speaks of this as a Lower Cambrian (i. e. Para- 
doxides beds) type, and says it is related to L transocra (of the 
St. John group) and L sagittaUs (of the Menevian group). The 
resemblance to the St. John species, which ranges from Div. 1 // 
to (/, is well marked. 

Orthis salenif'ttifv<. 

This form may be compared with Orfhinina pelh'co of the Par- 
adoxides beds of Spain, and with 0. (r, /.) htcksi of the St. John 
group. The latter is found in Div. 1, r. /. 

Leperdithi derm a tnidcs. 

This agrees in form with an undescrilKKl species fi"oni Div. 1 
h. 1 of the St. John group. 

Without going into the comparison of other species of the 
Washington county fauna, which also resemble forms of the 
Paradoxides beds, it appears to the writer that those already 
mentioned prove a very close alliance b(»tween the AVashiugton 
county fauna, and that at the ])ase of the Paradoxides l»eds; and 
hint at the probabh* cotemporaneous or nearly cotempomneons 
existence of the two faunas; not in the same area perhaps, but 
in districts not verv far remote from each other. 

As already remarked the pailial independence of tlie fauna 
with 0. aanphoides fnmi that with (). thnnpaoni points to a dif- 
ference of age l>etween them. These are points which future 
investigation will determine. 

To summarize the ])earing of these remarks on the age of the 



e. Upper Paradoxides beds, no fauna known. 
Division 2 (Johannian). 

a. Agnostus pislrorniis,* supposed place of. 

b. Fauna with Lingulella starri c. f. davidls. 

c. Fauna with Lini^iilella radula c. f. lepis. 
Division 8 (Bretonian). 

a. Fauna with Parabolina spinulosa. 
/;. Fauna with Peltura scarabeoldeH. 
r. Fauna with Dictyonema tlabelllforme. 

, ^ Black shales— Fauna unknown. 

■ \ Place of Tremadoc (Ceratopyge) Faana. 
(L Fauna with Tetragraptus 8-branchiatu8, etc. 



*Agno9tuH plsiformis it* not found (n the St. John Biinin but furth«>r inland. 
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Washington county fauna, one may tabulate the range* of the 
related speciew in the St. John group, as follows: 

Division 1 (Acadian). 



Band. 


1). 


c. 1. 


c. 2. d. 


ConoGoryphe trilineata 




X 


X : 


OlenelluB asaphoides 








Microdescies oonnexus 




X 


t 


LinnarsBonIa taconica 


X 


X 


X X 


Orthis salemeDBis 




X 





The affinities of these species are thus as far as one can see 
with species of the Lower Paradoxides beds, lK)th American and 
European, but we may also note that there are no species recog- 
nized as identical. This may be accounted for either l)y regional 
diversity, or by a slight difference of age. 



THE SOURCE OF THE MISSISSIPPI RIVER. 

J. V. Biu>H'ER, St. Paul, Minn. 

Geogmphical discoveries in the state of Minnesota having been 
erroneously (iuestione<l and persistently misrepresented, the Min- 
nesota Historical Society and citizens caused a detailed h5'dro- 
graphic survey of the Itasca basin to be made, and an exhaustive 
report thereon has l)een completed. Antedating the publicati<m 
of the report, the following information is given in advance, for 
the information of those who desire the perpetuation of geo- 
graphic facts and the truth of history, the same having l»een 
called for by his excellency, the governor of the State, and duly 
reported. 



[corv.] 

Minnesota Historical Society, 

St. Paul, Feb. 13, 1881>. 
To J. V, Jiroirer, Sf, Paul, Minn, 

Sir: Reposing especial confidence in your ability, Integrity and good 
judgment, the Minnesota Historical Society, together with other similar 
societies who may unite with i^ for this object, does hereby appoint and 
commission you to make a careful and scientific survey of lake Itasca 
and its surroundings, with the view of determining, by a thorough ex- 
amination of the spot, and of all its physical features, under all circum- 
stances, what is the true and actual source of the Mississippi river. 

We therefore request you to select such a corps of assistants as you 
may need to properl}*^ carry on such survey, and proceed to lake Itasca, 
prior to the opening of spring, to take the necessary observations >\ith 
the above object. 
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On tha completiou of your survey you will please make a report to us 
oi the result of your inyestigations. 

On behalf of the Minnesota Historical Society: 

Henry H. Sibley, President. 
[l. 8.] J. Fletcher "Williams, Secretary. 



[copy.] 

State of Minnesota, 

Executive Departmrnt. 
William 7?. Merriam^ Gorernor of naid State, to J. V. B rower y of Ratmey 
County, »ends greeting: 
Reposing especial trust and contideuce in your prudence, integrity and 
ability, I have appointed you, the said J. V. Brower, as commissioner of 
the Itasca State Park, pursuant to an act of the Legislature of this State, 
approved April 20, 1801. 

Vou are therefore by these presents appointed and commissioned 
commissioner of the Itasca State Park, as aforesaid, to have and to hold 
the said office, together with all the rights, powers and emoluments to 
the said office belonging or by law in anywise appertaining, until this 
commission shall be by me or other lawful authority superseded or an- 
nulled, or expire by force or reason of any law of this State. 

In testimony whereof, I have hereunto set my name and 
caused the Great Seal of the State of Minnesota to be affixed 
at the capitol, in the city of St. Paul, this fourth day of 
May, in the year of our Lord one thousand eight hundred 
and ninety -one, and of the State the thirty -third. 

By the Governor, 

William R. !Mrrriam. 
Y. P. Brown, 

(l. s.] Serrefary of State. 



THE GOVERXOirS REQUEST. 

State of Minnesota, 

ExKccTivE Department, 

St. Pavi^ Aug. 3, 1801. 
Ihm.J. V. Broirer^ CoonoiHHiimfr of the Itanea State Park, 400 Jaeknon 
Street, City. 
Sik: l^ublications in the papers of the state have been made within 
a few days past regarding the reputed discovery by a citizen of the 
State of New York of a new source of the Mississippi river, which he 
claims to have made in 1881, and has since widely published his right to 
be consi<lered as its original discoverer, and causes changes to be made 
in the maps of our state in support of such discovery. 

My attention has been called to these statements by citizens Interested 
in the truth and correctness of the ge<».irraphy of our state, and it is de- 
>»lrable to have some definite and correct statement officlallv made as to 
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the hydrographic and other features of the Itasca basin, authorized by 
law to be set apart as a public state park, gained from a thorough 
physical knowledge of the same, to the end tliat facts regarding the 
ultimate source of the Mississippi river may be established and pub- 
lished for the benefit of the people of this state. I therefore request 
you to report to this department any facts in your possession which may 
be deemed pertinent to this question which has come to your knowledge 
as commissioner or otherwise. 

Vours respectfully, 

WiLLTAH li. MkRRIAM, 

Gocenicrr. 



THE COMMISSIONER'S REPORT. 

State of Minnesota, Itasca State Park, 
Commissioner's Okkice. 

St. Paitl, Minn., Aug. 13, 1891. 

His E.rrellciu-if. William R. Merrifim. Governor of Minnesota. 

Sir: I have tlie honor to acknowleilge the receipt of your 
fsivor of the tliird instant, recjuesting me to report to your de- 
partment any facts in my ix)S8es8ion, as commissioner of the 
Itasca State Park, or otherwise, descriptive of the hydrographic 
and otlier features of tlie Itasca hasin, authorized bv law to \w 
set apart as a public park, to the end that facts regarding the 
ultimate source of the Missis.sippi river may 1)€ establishe<i and 
published. 

During the year 188f>, as a special commissioner of the Miune- 
.sota Historical Society, a co-ordinate branch of the State govern- 
ment, I made a detailed hydrographic survey of the source of 
our great river, and formulated an exhaustive report thereon, 
which has not as yet been published. 

From the field notes then taken, the correspondence, an<l all 
examinations and researches made, 1 have the honor to i*eix)rt the 
following facts for the use of the executive department of Min- 
nesota. 

The drainage basin of the Mississippi river e?ftends from the 
gulf of Mexico, at the mouth of the river, to an ultimate limit 
alK)vc and beyond Itasca lake in this stat?. This great l)asin, 
more than 1,000,000 square miles in extent, is lx)rdered on the 
east by the Alleghany and other ranges, and on the west by the 
Rockv mountains, and contains al>out 100.000 rivers and streams, 
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which flow toward and finally discliarge their waters into the 
MiHsissippi, principally through the mouths of the larger and 
more important confluent and affluent tributary rivers. These 
waters are entirely supplied by the copious precipitation cliar- 
acteristic of the fertile basin drained from north to south bv the 
Mississippi, as its principal and most important river. 

To follow the proper rule in ascertaining, under commission, 
the true and actual source of this principal river, for geographic 
purposes, I consulted European and American geographei*s, 
scientists and authorities, gaining the following varied informa- 
tion as to what constituted the source of a river: 

^•That the main stream of a river is that which flows along the 
lowest depression of the l)asin, and that a tributary which de- 
scends into it from a higher elevation, even if longer, is not to 
be considered the main stream.'' 

**A river cannot have a source but many sources." 
'•All our rivers have their source in the clouds." 
(This authoritv does not sav that the clouds emanate from the 
oceans of the earth, or whence came the oceans.) 
**The head of the longest continuous channel." 
'*The sources of a river which are in a right line with its 
mouth, particularly when they issue from a cardinal point and 
flow to the one directly opposite." 

Other authorities, some remote, and l>ut a few reliable, sug- 
gest that the source must 1k^ a lake; must be the largest lake: 
should be the inner flanks of the hights of the land surix)unding 
it; should be the source, because it was next to the historic pass, 
bv which one river had, from ancient times, been left to reach 
another; because it was furthest from the mouth of the system: 
because it letl down to the axis of the general valley of the basin: 
l)ecause it was at the head of the stream of largest volume: be- 
cause it wius geologically oldest, etc. 

This widespread variance of authorities, good, l)ad and inditfer- 
ent, gave me but little comfort in an interesting geographic and 
historic research, the source of no two principal rivei*s of the world 
being alike, and I arbitrarily adopted a reliable rule of no uncer- 
tainty, a rule of nature, in ascertaining where the watei*s were 
gathered which form the ultimate source of the Mississippi, and 
for that purpose the length of the main river in statute miles, 
up through the valley of the basin, was ascertiuned from the 
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official records of the United States government and otherwise, 
with the following result: 

Miles. 

From the gulf of Mexico, at the southwest pass, up the chan- 
nel of the river to city of New Orleans 111.00 

From citv of New Orleans to mouth of Ohio river 965.50 

From mouth of Ohio river to city of St. Louis 182.00 

From city of St. Louis to city of St. Paul 728.75 

From city of St. Paul to falls of St. Anthony 18.00 

From falls of St. Anthony to Winnibigoshish lake 482.50 

From Winnibigoshish to ranu;e 86 west of fifth principal me- 
ridian* T 96.50 

From range 86 west of fifth principal meridian to foot of 

Itasca lake 17.27 

Total 2,546.52 

Thus it appeared that the main river of the Mississippi basin 
extends from tlie gulf of Mexico to the Itasca Imsin. a limited, 
permanent depression ui>on the surface of the earth at the ulti- 
mate source of the river. 

The geologic and natural features predicating this conclusion 
lire so well known and established that no reference to them 
seems necessary in this communication, excepting the possibility 
that the Missouri river, remotely suggested by occasional in- 
quirers, might be called the main river; but inasmuch as it is a 
confluent branch of the main stream, coming in at one side, sim- 
ilar to the Ohio and Red rivers, I see no good reason for discus- 
sing that question at this time, nor do 1 deem it necessaiy to fol- 
low the historic data, however interesting, which has brought to 
our notice and knowledge the existence of the main river extend- 
ing from the gulf to the Itasca basin, where it takes its rise, for 
there can be no well-founded disagreement iis to that fact, l)e- 
cause the discovery of the Mississippi, by piecemeal, is co-ex- 
tensive with the discovery of the coast line of North America, 
and the facts are indisputable, in consequence of which I must 
base my reply to your executive communication upon the facts as 
the}' have been found to exist at and above Itasca lake, which has 
l^een for so many yeaw recognized as the true source. To defin- 
itely determine those facts it became m}' official duty to ascertain 
whence came the waters of Itasca lake. This required a line of 



*(Tho ofHclal surveys of the United StateH extend, npon the main river, only to the 
point where range 86 west of the fifth principal meridian internects the channel of tlie 
river to and beyond Itasca lake. The fractional milen are tiikon from the record na it 

<»XiHtH.) 
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levels in the field with the following result, toiiscertain elevations 
alx)ve the aeii: 

FEET. 

Gulf of Mexico 0.0 

City of St. Louis, above the sea 384.8 

City of St. Paul 080 . :► 

Above falls of St. Anthony (Minneapolis) 782.0 

Below Pokegama Falls 1,^48.0 

Winnibigoshish lake 1,292.8 

Cass lake 1 ,30*2 . ?? 

Itasca lake 1,470.7 

The official reports of the United States government give the 
elevations to and including Cass lake, and an actual line of leveb 
across the eountrv from the railroad svHtera of this state to Itasca 
lake, run by me in 1880, demonstrated its actual elevation alK>ve 
the sea at its outlet. The railway levels connect with the govern- 
ment levels. 

With the distances and elevations thus ascertained, mv survev 
of the ultimate source of the Mississii)pi river commenced in 
March, 1880, upon the frozen surface of Itasca lake, at the centre 
of the channel of the river, at its ilchtmr1iHrt\ from the extreme 
north end of the lake. 

At a remote age the Itasca basin was the bed of one lake, n<»w 
extinct, which I deem it a privilege to designate as lake Upham. 
and from this one lake, of unknown ages, by erosion, the waters 
probably having been increased by copious precipiUition. cut their 
way through the ice formation and alluvial stratum to a natunil 
condition of the river lied, as it now exists, imniediatelv Inflow 
Itasca lake. This process of nature, the waters passing to lower 
levels, has given us nearly one hundred lakes and lakelets within 
the Itasca basin, systematically divided apart, each of a different 
elevation, up the inner flanks of the Hauteur de Tenv, surround- 
ing the whole, from the summits of which the watei-s arereturne*! 
to the oceans, through Hudson's liav and the gulf of Mexi(*o. the 
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Itasca basin itself being alM)ut seven miles long and ^\q in widlli. 
and subsidiary to the main basin of the Mississippi. 

The formation of Itasca lake is a small ]K>dv of water at and 
around Schoolcraft Island, and three long, narrow arms pn)j(H»ting 
—one to the southeast, one to the southwest and one to the north 
— fnmi the last of which the Mississippi passes out from the lake. 
From the southeast and southwest extremities of the lake, pictnr- 
es(iue valleys extend, dencmiinated Mary valley and Ni(*ollet val- 
ley, respectively, and up these valleys numei*ous lakes exist. t»ach 



at a higher elevation as you pass up the respective valleys thau 
the one ImjIow, and each valley is drained by a running stream of 
perennial flowage, while at the side of the west arm Elk lake is 
situated, connected with Ttasca by Elk creek. 

Lines of measurements and of levels were run to and up through 
each of these localities. 

The distances are as follows: 

FKKT. 

From the outlet of Itasca to the extreme southeast point at the 

mouth of Marv creek 22,631) 

Up the channel of >iary creek to Mary lake 8,658 

Total 26,29T 

From the outlet of Itasca to the e.Ktreme southwest point at the 

mouth of Nicollet's Infant Mississippi 17,926 

Thence up the channel to Nicollet's middle lake 8,5 1?^ 

Total 26,431^ 

From the outlet of Itasca to the mouth of Boutwell creek 13;627 

Length of Boutwell creek 8,700 

Total 22,827 

From the outlet of Itasca to the mouth of Elk creek 16,727 

Up the channel of Elk creek to Elk lake 1,100 

Total 17,827 

These are the only streams entering Itasca lake worthy of any 
consideration. The volume of water, width, depth and flowage of 
these several streams were carefully ascertained, and the largest 
and most import^mt one, at all times they have been examiniKl by 
me, in 1888. 188J) and 1891, is Nicollet's ''infant Mississippi 
river,' which has been found to be the largest in volume of water 
and the larger and more important in every particular, with sev- 
eral perennial branches augmenting its prominence alx>ve the south- 
west limit of Itasca lake where it discharges its waters into the 
' lowest in point of elevation of the several lakes there situatcnl. 
Selecting Mary valley and Nicollet valle}' as the two most remote 
water sheds within the Mississippi basin, the ordinary rules of 
hydrography were applied, and it was found that Mary valley con- 
tained the lesser ultimate reservoir and Nicollet valley the greater 
ultimate reservoir of the >Iississippi system, each separate and 
distinct, drained by natural surface flowage. Then came the ap- 
plication of nature's common rule as to whence came the watei-s 
snpplying the streams draining these two ultimate water systems 
at the source of the Mississipi)i. 
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It having been found that Nicollet valley contained the more 
important resen'oir, supplying to Itasca lake the larger and the 
longer volume of surface flowage, I heg your indulgence in a 
minute description of this most remote and ultimate system in the 
great Mississippi basin, situated within the state park. 

The perennial stream flowing down the inner flanks of the Hau- 
teur de Terre to Itasca through Nicollet valley was discovered by 
Jean N. Nicollet in 1836. At the point where its waters flow 
into Itasca lake it was forty feet in width and two feet in depth at 
the date of my survey. Narrowing as you ascend the stream, it 
becomes three feet in depth a short distance from Itasca lake, with 
an increased current. 

Passing up this interesting stream the explorer is impressed with 
its importance by its sharply defined banks, with its winding, me- 
andering channel, deeply cut down into the stratum to a sandy, 
graVelly bed, with every appearance and characteristic of the Mis- 
.sissippi below Itasca lake. It has sandbars, shai'p angles in its 
channel, deep and shallowing currents, and all the more striking 
features of a larger river. Large trees found near its banks incline 
toward the stream : a variety of fish, large and small, were found in 
its waters; the mink, otter and muskrat alK>unded, and wild ducks 
of manv Northern varieties were from time to time noticed in its 
channel. Trees have been felled in several places across its banks 
to permit of passage on foot. Ujx)n the removal of these trees, 
canoes might be propelled nearly two miles up this principal chan- 
nel from Itasca lake. 

These are a portion of the characteristics of the stream, indicat- 
ing its permanency and importance, and, what is true of no other 
stream within the state park, it has three affluent branches flowing 
in from the liights of land to the westward, which augment its 
inipoitance and i)ermanency ab<jve any other stream found there. 

These are Demaray creek, over one mile in length, Howard 
creek, nearly one mile in length, and Spring Ridge creek, each fed 
by numerous springs, sharply indicating artesian pressure fnun 
the lakes higher up the flank of the Itasca moraine. At Nicollet's 
middle lake is found the northern limit of the greater ultimate 
reservoir, with the ^[ississippi river flowing out from it toward 
Itasca lake. 

My lines of level and measurements were continued from this 
ix)int up through the trough of the reservoir to Nicollet's up|)er 
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Isikts of (l(>ii])tfiil existence, to the Mississippi Springs, Floating 
Moss lake, Whipple lake, the Triplet lakes, Morrison lake and 
Hernando I)e Soto lake, the last named being the most elevated 
and distant water from the gnlf of Mexico within the Mississippi 
basin, exclusive of watei's emanating from the summit of the 
Rocky mountains at the source of the Missouri. 

Elevations al>ove the sea at the greater ultimate reservoir are 
as follows: 

FtH't. 

XicoUet's lower lake 1,473 

Xicollet'8 middle lake 1,474 

Nicollet's upper lake 1,5(M> 

Mississippi springs 1,548 

Floating Moss lake 1,561 

Whipple lake 1,564 

The Triplet lakes 1,568 

Morrison lake 1,571 

Hernando De Soto lake 1,571 

Summits of Hauteur de Terre 1,670 

The summits of the Hauteur de Terre (hight of land), imme- 
diatelv west of Hernando De Soto lake, divide the ultimate waters 
)f the Mississippi from those of the Red river of the North. 

Tlie first surface flowage in the greater ultimate reservoir is a 
tiny br(M)k connecting Whipple lake with Floating Moss lake. 
Down the incline fi*om Floating Moss lake the Mississippi springs 
send forth a surface channel to Nicollet's upper lake, while three 
hundred feet wi»st and twenty feet lower the channel again appears 
in a contin»u)Us surface flowage to Hiisca hike, which is 9,2(M> 
feet to the north. It might be well to mention the fjict that the 
head of Howard creek, a small and picturesque little stream with 
several miniature waterfalls, in connection with the infant Mis- 
sissippi, constitutes tlie longest surface channel shown as follows: 

FiM»t. Mllen. 

Gulf of Mexico to Itasca lake 2,546.52 

Thence to the mouth of Nicollet's infant Mississippi. . 17,926 
Thence to head of Howard creek 11,12({ 

20,052 5.50 

From Gulf to head of Howard creek 2,552.02 

Other channel distances are: 

From the gulf to tlie head of Mary creek 2,551.50 

From the gulf to the head of Boiitwell creek 2,550 74 

From the gulf to the Elk lake 2,540.90 

From the gulf to the extreme limit of the greater ultimate 

reservoir it is 2,555.25 

From the gulf to the extreme limit of the lesser ultimate reser- 
voir it is : 2,553.47 
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The groat river having now been actually meiusured in its entire 
channel length by connecting surveys, the distances given, for 
the first time, are certainly more accurate than mere guess-work. 

Since the greater ultimate reservoir is the extreme limit of the 
Mississippi basin, and the largest, longest and most important 
stream above Itasca lake takes its rise therein as a perennial sur- 
face drainage, I have reported the same to the Historical Society 
as the ultimate source of the >Iississippi. 

KLK LAKE AND ITS DISCOVERY. 

In 188G scientist and astronomer Nicollet laid down Klk lake 
as an estuaiy of Ttasca, but since that time the alluvial stratum 
at the outlet of Itasca has been diminished bv the constant flow 
of the water current until the latter lake has receded from the 
former to a lower level, and the two lakes are now connect e<l bv a 
short creek. The original discovery of this creek and of Elk 
lake must lie awarded to Julius Chambei-s, who, on the ninth of 
June, 1H72, while encamped on Schoolcraft island, exploretl the 
shores of Itasca, passed up the channel of Klk creek in his canoe 
to Elk lake, crossed to the southern shore of the lake, and. mak- 
ing a map of the lake, wrote: 

••Here, then, is the source of the longest river in the world in 
a small lake, scarcely a ([uarter of a mile in diameter, in the 
midst of a floating l)og, the fountains which give birth to the 
Mississippi. " He found the lake much larger than he at first sui)- 
posed. The world was notified by Mr. Chambei-s of his discovery 
in the columns of the New York Ihruhl, page S, July (>, 1H72- 

Mr. C^hambers then passed down the Mississippi, from School- 
craft island to the gulf of Mexico, in his canoe. 

The next explorer to declare Elk lake the source was A. H. 
Siegfried, who, on the thirteenth day of July, 1879, reaclunl the 
lake, and, taking a photograph of the same, declared it to be the 
**highest tributary to the Mississippi," in the columns of the 
Louisville (^otnier *T(mvnaL August, 1H71>. 

The lake and creek were also visited in 1S75 bv Edwin S. Hall, 
in 1880 bv O. E. (Uirrison. and in 1881 bv Rev. J. A. (lilflllan. 

%. ft 

Whatever significance may attacli to Elk lake as the source. Mr. 
Chambei*s must be awarded the honor of a first and original di>- 
covery, to the exclusion of all others, except Indians, known in 
our history, and the name -'Elk, ' officially promulgated by the 
authorities of the Tnited States, is the proper and legitimate 
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name for this body of water, acquiesced in by legislative enact- 
ment, and Elk creek takes its name fi"om the lake. No one of 
the several brooks flowing into Elk lake are of any great import- 
ance, and all of them were completely closed with ice in March, 
1<S89, and all of them were dry in August of the same year. 

Geographic discoveries at and above Itasca lake prior to my 
survey in 1889, of authentic record, worthy of consideration and 
belief, are as follows: 

William Morrison, first of white men 1803 

H. li. Schoolcraft, Itasca lake 1882 

Jean N. Nicollet, Five inlets 1836 

Julius Chambers, *Klk lake and creek 1872 

E. S. Ilall, government survey 1875 

Hopewell Clark, special survey ,.,\ 1886 

Itasca lake is at the lowest depi^ession of the basin and Ilei'n- 
ando de Soto, Morrison and numerous other lakes are at the sum- 
mit of the basin, and the water pivssure from the lakes al)ove 
Itascn, the whole l>cing exclusively supplied by precipitation, 
causes a* contributary inflow into Itasca lake, whicli is increased 
or decreased from time to time, according to the ([uantity of rain- 
fall or duration of drought, as either may prevail. 

One peculiar significance is demonstrated by the fact that Itasca 
lake has a flood plain of but little more than three feet in eleva- 
tion above the natural surface of the lake. The flood plains of 
the lakes higher up are ten, fifteen and twenty feet. Thus, while 
Itiisca lake is always supplied and sometimes rises during dry 
weather, the lakes at the summit dry down rapid!}' to a lesser 
surface area, depending u})on rainfall to resupply them. During 
the summer of 1890, copious rainfall caused lake Itasca to rise a 
foot or more above Elk lake, and Elk creek flowed into, instead 
of out from, Elk lake. The oiitflow of lake Pepin, through 
which the Mississippi takes its course, is controlletl by the inflow, 
and lake Itasca presents a striking similarity. 

Infinitesimal deductions are necessarily drawn, however, from 
ascertained facts in order to discover the location of the ultimate 
source. Itasca lake lies at the pit of the 1>asin and receives the 
waters discharged into it from summits surrounding it, w^hich in 
return pass out into the channel below, forming the main water 
course of our country, to the gulf. Conse<iiient inferences may 

(*£lk lake And creek, discovered by Mr. Chambers in 1872, are constituted of waters 
erroneously claimed to have been discovert'd in lH8i by the person referred to in ytjur 
communication.) 
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theivforo lx» dniwii bv tUost* who still l)eHeve that Itaseti hike is 
tlie .source of the river, it l)eing situated at the pit of the lowest 
depression of the liniite<l Itasea basin, but I know it to be a fact 
that there is a grt»ater ultimate reser\-oir there at the summit, and 
it constitutes the ultimate source. 

To i)revent unauthorized, erroneous and deceptive changes in 
our state map, 1 suggest that a reauinf of the historical and geo- 
graphical facts which led up to the final determination to loctite 
the State Park at the source of our great river be include<l in my 
forthcoming report, and then, bv legislative enactment, prohibit, 
within our own state, the illicit changes in the state map so assid- 
uously pei*sisted in from mercenary motives. 

The law retjuires me to ri»j)ort a detailed chart of the park, and 
topographic field notes for that purpose will l>e completetl in due 
time. The map accompanying this paper is reductnl fn)m that 
prepared for the Minnesota Historical Society. 

Very respe<»tfully your obedient servanU 

J. V. Browkr. 

ADDENDUM. 

The Itasca State Park contains thirty-five square miles, includes the 
territory shown in the accompanying map, is singularly picturesque in 
natnre^s abundant scenery, high hills and summits, pine and balsam 
forests and deep lakes prevailing. 

The nonienciature, as far as completed, as directe<l by an order of the 
Minnesota State Historical Society upon a report of its committee, is as 
follows : 

Ojibway. 

The French translation. 

The English translation. 

From Ver-«^M-<'/f-put. Schoolcraft. 

Named by Lieutenant Allen. 

Named by Jean N. Nicollet. 



OmoskOH (Elk) Sogiagon (Lake), 

Lac La Biche, 

Elk Lake, 

Ita8c;a Lake, - 

Schoolcraft Island, 

Infant Mississippi, - 

Nicollet's liOwer Lake, 

Nicollet's Up])or Lake, 

Nicollot'rt Middle Lake. ' 

Nicollet's Valley, 

IJear Point, - 

Turnbull Point, - 

Floating Bog Bay, 

Ozawindib Point, 

<iarrisoii Point 

Hhoiie's Hill, 

Morrison Hill, 

Island Crock, 



After Nicollet. 

Nanieti by Peter Turnbull. 
So called by residents. 
J. V. Brower's party, lHvS8. 
After Schoolcraft's guide. 
After O. E. Garrison. 
After I). C. Rhodes, photographer. 
After William Morrison. 
Opposite Schoolcraft Island. 
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Mary Creek, \ 
Mary Lake, 
Mary Valley, \ 
Elk Creek/ 
Boutwell Creek, 
Crescent Springs, 
Elk Springs, - 
Elk Pool, 
Clarke Creek, 
Siegfried Creek, - 
Deniaray Creek, 
Howard Creek, 
Mississippi Springs, - 
The Twin Lakes, 
Danger Lake, 
Ako Lake, 

Josephine Lake, 
Sibilant Lake, 
Clarke Lake, - 
Little Elk Lake, - 
Hall Lake, 
Groseilliers Lake, / 
Radisson Lake, S 
Floating ^loss Lake, 
Whipple Lake, - 

The Triplet Lakes, - 
Morrison Lake, - 
Lake Hernando de Soto, 



After Mary TGrnbuU, now deceased. 
She gave birth to the first-born of 
white parents at Itasca Lake. 
Named by Committee. 
After Rev. W. T. Boutwell. 
Crescent nhaped. 
Named by Committee. 
Named by Committee. 
After Hopewell Clarke. 
After A. H. Siegfried. 
After Morrison's daughter. 
After Schoolcraft's daughter. 
The Committee. 
The Committee. 
The Committee. 
After Accault. A companion of Hen 

nepin. 
J. V. Brower's part\% 1888. 
Form of the letter S. 
After Hopewell Clarke, by A. J. Hill. 
The Committee. 
After Edwin S. Hall. 
After first of white men to discover 

the upper Mississippi. 
The Committee. 
By liev. .1. A. Gilflllan after Bishop 

Whipple. 
The Committee. 
After William Morrison. 
In honor of the discoverer of the 

Mississippi. 
Named by the Committee. 
Named by A. J. Hill. 
After Lieutenant Allen. 
After Hennepin^s companion. 



Brower Island, - 

Mikenna Lake, 

Allen Lake, 

The Picard Lake, 

The Lesser Ultimate Keservoir, ( ^^^^^^ ^ j ^, 3^^^.^ Commissioner. 

The (greater Lltimate Reservoir, > 

Itasca lake was known as "Elk lake" prior to 1S;{2. Surveyor (General 
J. H. Baker, for the United States government, continued the name 
**Elk" to another lake in 1876. 

The committee of the Historical Society was ccmstituted as follows: 
Captain R Blakeley, Hon. L V. D. Heard and Hon. Charles 1). Elfelt. 

Upon submitting their report of names selected, the report was adopted. 

The rule adopted by which to ascertain the source of the Mississippi 
proved most satisfactory and brought to the knowledge of the world the 
Greater Ultimate Reservoir, heretofore unknown to exist as such, 
although a portion of the lakes there situated have Iteen known for many 
years, notably, Nicollet's lakes since 18H0, and other lakes since 1875. 
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The discovery of Ell^lake and creek was accomplished in the follow- 
ing manner: 
^ Jean N". Nicollet, in 1836, found what is jiow Elk lake, to be a part of 

Itasca lake, as shown by his map now of record at the city of Washing- 
ton, from which is taken the following: 
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NirOIJiETS SOURCE OF THE MISSISStPPI, TRACED FUOM OFFICIAL KECORIX<^ 

AT THE CITY OF WASHINGTON. 

After the lowering of tlie river bed at the north end of lake Itasca 
since 1836, Elk lake was left as waters gathered at one side, one foot 
higher than lake Itasca, and after the process of nature had separated 
tho two iKxlies of water and formed a short creek, of no great importance, 
between the two, Mr. Julius Chaml)er8 was the first to discover Elk lake 
and creek, and he declared it to ])e "The Source" of the Mississippi, July 
9, 1875, and to him must be awarded whatever honor is due therefor. 

His map,lfirst published by Ivison, Blakeman, Taylor & Co., is here- 
with reproduced, p. 305. 

The report made to the Minnesota Historical Society by its commis- 
sioner was referred back for the purpose of having the same properly ed- 
ited for publication, and the same is not yet published. When published, 
as a geographical and historical record, it will contain about forty-three 
cliapters, tlie last three of which are yet to be supplied, descriptive of 
the formation of the State Park, and botanical and other observations. 

The fact that fornu*rly one large lake, with bays and islands and 
beaches, existed where now is found the several lakes at the Itasca basin, 
is beyond the inference of a mere conjecture, and to future explorers 
and geologists must be left the privilege and opportunity to locate its 
boundaries and determine its former importance; and until some further 
or more definite action, it has been designated lake Upham by Prof. 
Geo. B. Alton and J. V. Brower. 
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The importance of the several streams flowing into lake Itasca in 
length, depth, width and flowage is as follows: 




CIIAMBEli S DISCOVERY. 

First -Nicollet's Infant Mississippi river, also called by him the 
"Cradled Hercules." Date of discovery, 1836. 

Second — Mary creek. 

Third— YA\i creek. Discovered by Julius Chambers in 1872, when he 
<leclarc*d it to be the Mississippi river. 

Fourth — Boutwell creek. 

Fifth — Island creek. 

Sixth — Creek at Floating Bog bay. 

5«?/Y;i^/t— Small creek at extreme southwest point of Itasca lake. 



S(H] TIl^' Am^'rli'On (n'ohxjitif. November, IWl 

Careful observers will note the importance of the greater ultimate 
reservoir, containing twenty or more lakes, at an elevation above lake 
Itasca. These lakes impregnate the earth with water and numerout^ 
flowing streams abound as a natural result, Itasca lake and Elk lake 
each drawing its supply from above with the following difference in 
peculiarity: Itasca lake receives all the waters flowing down from the 
summits, while Elk lake receives and discharges less than one-half. 
The creeks entering Elk lake are completely frozen in winter and have 
been found to be dry in summer. 



EVIDENCES OF A GLACIAL EPOCH IN NIC- 
ARAGUA*. 

liy J. CKAwroRD. Mnniif^im, Nicnniiriia. 

None of the* mountain rangeH in Xicuragua rise to the altitutU" 
of the frost-line, and only four have peaks whose highest apexes 
are 6.500 (one fi.700) feet alwve the Pacific. Tlie average alti- 
tude of the Cenx>s in this country is alnnit 2, HOC feet, and would 
not awaken a suspicion that any of these mountains had ever 
lK»en deep!}' covered with ice. At the present time the night 
temperature on the summits of the (Vrro Peila Blanca during the 
season when tiie trade winds are moving eastward, is frcHjuently 
as low as 12° Cent., and occasionally 8*^ (Vnt. 

The western or lake region of Nicaragiui, the only part alK>ut 
the geology of which anything reliable has, until recently', lK»en 
known. api)ears to have been formed of materials ejected from 
volcanoes which were active during all of the Quaternary, and at 
lea,st parts of the Tertiary and of the Recent e.p<»cht. 

Rut we find /*inns sfflrfsfvis and some other cold climate coni- 
fei-s. dwarfish or attaining medium size, on some of the highest 
mountains of northern Nicaragua, and retaining, with some mod- ■ 
ifications, the distinctive features of their more uortiiern types. 
In at least one valley of those Cerros is a large deposit of the 
petrified bones of Tertiary, and pi-obably earlier period mammals 
ami reptiles, as Elephan. (^rmda, Mttrhtn'rot/us, etc., and across 
that valley t, at the foot of a canon, are small hills, having long 

*The pabliciitioii of thi^ artich', receiv(>d in March labt, liaF< Imhmi iiiiavoidiibly (lelay««<l. 

tl have not found '^Miocene sands/' "Miocene gastropods," nor other 
evidences of the Mio<"ene In ^vestern Nicaragua, such as have been 
described by others as occurring t&ere. See l^roceedlngs of the Victoria 
Institute, 1876. j 

JThe valley of Sebaco, lat. 12 40' N., long. So 58 W. The petrified 
bones are 50 to 100 feet beneath the surface, in sand and partly Imrdened 
sediment. 



connected ridges comj)os(Hl, so fur as examined, of irregularly 
mixed angular and rounde<l rocks of various sizes, together with 
smooth and i*ough-edged i>ebl)le8, clays and sands. 

As we look from the valley of silicified Ixmes, across the un- 
assorted deposits, up the caiion, and along the sides of the 
mountains to the dwarfed pine trees growing l)etween the rocks 
on the crest of the Cerros, we are led to incjuire how and when 
these habitants of a colder climate were introduced to this half 
temperate, half tropical latitude, and when and how this canon 
was excavated and the unassorted deposits were formed only a few 
miles bevf)nd its lower end. The facts seem to indicate a i^reatlv 
increasetl elevation and a much colder climate at some former 
epoch. 

Tn 1H89 and 00, during reconnaissance conducted for the 
government of Nicaragua, the writer discovered evidences which, 
taken in connection with othei*s previously discovered, stn)n^ly 
indicate a Glacial ep(X»h in this country, synchmnous with that of 
the United States and Canada. 

Some of these evidences are here presented. 

On the top of the monogenetic series of mountains known in 
various jmrts of its extent as Cerro Yalli, Cerro Jenotega. and 
Cern) Pena Blanca, following an irregularly sinuous line from 
about lat. 18° 25' N, and long. 87° W. to alnnit 13° 30' N. and 
84° 55' W.*, are several mesas, the largest, but not the highest, 
of which, is near the eastern termination of the series, and is 
named Mesa Turcos. The top of this me-sa has an area of about 
twenty scjuare miles of metamorphic rocks, granite or gneiss pre- 
dominating, across which, and diverging nearly at right angles, 
are three shallow valleys, each al>out one mile wide. They begin 
near the centre of the mesa and gradually widen and deepen till 
they reach its nearh' peri>endicular sides. One, which extends 
southeastward, is the hydrographic area for the larger number of 



♦All these bearings are magnetic. This mountain system is south of 
that supposed to he referred to in Prestwich's (Teology, edition of 1886, 
vol. I, p. 294, and designated **Xo. 2."), System of Segovia. Cose<iuina 
and Cape Gracia-a-Dios." Cose<iuina is a volcano on a point of land 
which it has formed that projects into the Pacitic ocean at the bay of 
Fonseca, and could never have formed part of the mountain system 
evidently referred to in the excellent work quoted. That system ex- 
tends from lat. 18" 22 N., and long. 87 5' W. nortlwasUrard toward the 
Gulf of Mexico and terminates about lat. 14 50' X. and long. 84 .Vi , 
magnetic. 
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the head -water creeks of the Rio La Seibeta, whose waters, 
empty uig into tliellio Tooma, and thence into the Rio Matagalpa, 
enter the Caribbean sea. Near the centre of this valley a caiion 
])egins a]>ruptly and deepens as we follow it for about three miles 
to the edge of the mesa, where it attains a depth of about 225 
feet. The canon is about 400 feet wide at top and sixty to sev- 
enty-five feet across its floor. The waters of a small creek, named 
Chomeha* which rises at the head of the valley, rush down 
over a few small cajscades and falls, near the almost precipitous 
head of the canon, to two vertical falls of considerable hight. 
At the first of these, the water drops about forty feet into a basin 
perhaps ten feet in depth and a hundred and fifty in breadth, 
formed in a flat granitic or gneissic ledge, and from this basin, 
through a channel about fifty feet long, a foot wide, and three 
inches deep, to the edge of the ledge, where it makes the second 
fall, or one of about 1 60 feet, into a basin in the roetamorphic 
floor of the canon. Flowing thence southeastward ly, the stream 
descends rapidly, often over falls and cascades, through the nar- 
row rock-walled canon, for about two miles, to a valley alongside 
of the Rio Seibeta, Along the sides of this canon are many 
strange and beautiful forms of smooth-faced rocks, some pro- 
jecting their oval surfaces for a few feet at right angles to the 
face of the canon and extending for several yards parallel with 
its direction, others cars'ed out into long intaglios. . Above the 
falls and during the dry season, the stream does not exceed two 
inches in depth by fifteen feet in width, and its hydrographic 
basin does not embrace over five square miles. In that part of 
the valley are found many nwutonned masses of granite and 
striated and [)olished masses and large flat loose rocks striated 
from one and a half to two inches deep in lines parallel with the 
flow of the creek. 

Near the termination of the canon in the lower or river valley, 
and extending across the valley to the Rio Seibeta, are several 
mounds and hills comi)osed, so far as examined, of unstratified 
deposits of clays and sands containing rough and smooth- edged, 
large and small rocks and pebbles, indiscriminately mingled. 



* Chomeha, as I learned from some old Indians of the Turcos and 
Amerrique tribes, is the name of a goddess of the aborigines, now 
sometimes invoked ))y the very small remnant of these once large Indian 

tribes. 
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Fn)iii each hill there projects, in the direction of the Rio Seibeta, 
a ridge, apparently compofted of the same materials as the hills*. 

Another valley extends eastwardl}' from near tlie centre of 
Mesa Turcos, and is the liead of the hvdrographic area, whose 
waters flow through the liio Tungia (^^Princapulka,"' on the gen- 
eralh' consulted hut very incorrect maps, haileys, etc., of this 
country) into the Caribbean sea. 

This vallev also has a canon cut out in it, the stream com- 
mencing in small cascades that continue in series for al)out two 
miles. Some of these series haA'e a fall of from three to twentv 

ftr 

feet. This canon is cut down through rock for nearly two hun- 
dred and fifty feet l)efore entering an elevated plain of oval- 
backed rocky ridges formed on the eastern lx)undary of the mesa. 
Smooth oval-surfaced areas and deepW striated masses of rock 
are frequently visible in and near the bed of tlie small stream 
which flows through this valle}' and canon. Only a few scattered 
hills and ridges, but partially examines!, were comiK>sed of un- 
assortecl deix)sits of boulders, rock -fragments, sand and clay, 
but these, in some parts of the ridges, were cemented together. 

The third shallow vallev on Mesa Tui*cos is the head of the 
watershed of several creeks which flow northward and then north- 
eastward through Rios Bokay and Segovia ('"Wanx" or ^-Coco") 
into the Caribbean sea at Cape Gniciiis a Dios. At al)out a mile 
from its head, it divides into two canons, in which, at short in- 
ter\'als, occur series of cascades. These canons, like those pre- 
viously mentione<l, continue to increase in depth and width, hav- 
ing, where they leave the granite or gneiss and enter the highly 
inclined later strata, a depth of about 1 25 feet, and thence deep- 
ening until several hundred feet deep before reaching the lower 
foot-hills. The width of each canon, while in the granite, is at 
top alK>ut 200 feet, and across the bed about forty feet, increas- 
ing k)cally to seventy or eighty. In the later formations, they 
widen rapidly, maintaining nearly perpendicular walls, and their 
channels resolve into labyrinths of passage-ways between numer- 
ous columns and smooth-edged l)ouldei's some fifteen feet high, so 
intricate that, during an examination made, accompanied by two 
Indians, in one of these laV)yrinths, several passage-ways were 
unsuccessfully attempted and much time was lost in trying to get 

♦Doubtless these would he designated "moraines" in Minnesota, New 
York, or Canada. 
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out of tho place. Both canons, in tlicir northeasterly extension, 
obliquely bisect two •'hMles,' respectively eight and twenty-one 
fec^t wide, of west ward ly strike, dipping at an angle of alK>nt 
H5° (megnetic) north, and containing gold, sulphide^,, and arse- 
nates in a gangue of fragments of ({uartz, talco-slates, chlorite 
slates, iron -day slates, etc. ; the walls are diorite and dialmse. 
AlKMit one hundred miles to the northeastward is a deposit of 
colored marbles, inteisected by the Rio Segovia, anci al)OUt the 
same distance eastward and fifteen miles north of the Indian vil- 
lage of AVylo-was (on the Rio Tungla), is the southeastern end of 
the rich gold phicei*s of Princapulka, terminated by a small 
cerro of CarlKjnifenjus limestone*. 

On the Pacific <)cean side of the dividing mnge of Cordilleras 
in Nicaragua, the mountiiins terminate in a large mesa, name<l 
Totumbla, whose summit areji embraces alnnit nine square miles: 
and across this, from north to south, is a shallow vallev about 
two miles wide on which are ex|K)sed at several placets large niiusses 
of rock having smo<Jth rounded surfaces, and measuring fifty to 
two hundred feet long. Some of these masses are iK>lishe<l. 
Near the edge of this valley are numerous flat, striatcni lioulders 
and loose striattni rocks of local origin. The most numennis 
strifiB are parallel with the general direction of the vallev. The 
locality of this mesa is alnnit lat. 12° 42' N. and long. 85° 55' 
W. Its altitude alj<jve the Pacific ocean is 3, 200 feet. It is com- 
posed of gneiss and other rcK'ks <)f the Kozoic series — all meta- 
morphosed. On the margin of the summit-plane of this mesa 
are many peaks fifty to two hundred feet higher than that plane 
ami connected nearly contiiuiously by high ridges. On the inner 



♦The ♦generally superficial examination of this Mesa Turcos, the val- 
leys at its sides and on its top, and the deep caitons, was not easily made. 
This locality is fully one hundnnl miles from any human residence and 
in a dense, i)athle8i«, niountaiuous forest. In the valleys the vines and 
bushes were often so thick as to re<iuire cutting, step hy step. Conse- 
(piently we could take but very few tools, ropes, instruments, etc , with 
us, and all our provisions were carried on the hacks of Indians. The 
scenery (when twi(*e only we found mountain peaks with forests so 
thin that we could get a long wide vista) is almost incomparably beauti- 
ful. In some places on the sides of the cerros and in th<» lower valleys, 
groves of tall, large mahogany, sapote, nispero, Spanish cedars, walnuts, 
and liquidambar trees, standing as living columns encircled with vines, 
are covered with tiieir own liright foliage, and with vines, mosses, and 
epiphyllous flowers; while at other places orchids and ferns and flower- 
ing plants or bushes, in great variety are numerous and some of them 
very large. 
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or table-hiiid side of one of these peaks, on the northwest mar^n of 
the mesa, there nearly preeipitonsly begins a canon in the gneiss 
1,100 feet deep and aiK>ut 1,500 feet wide at top and fifty to one 
lumdred across its nsuallv dry l)ed. Near the head of this caiion 
and al>out 820 feet below its ridge-like upper margin, is an oval- 
nxjfed cavern three to six feet high, eiglit to fourteen feet wide, 
and extending into the rcK'ky side of the canon in a direction per- 
pendicular to the canon's axis for over two hundred feet. This is 
a laccolite, having one of its ends broken or eroded off and this 
4)pen end obscured by loose rocks. Access to it down from the 
lop of the mesa ov up from the lK)ttom of the canon is very diffi- 
cult. This canon entere the valley on. the mesa aliout one mile 
from its southern margin and then descends in falls, cascades, 
and rapicLs over the steeply inclined side of* the mountain to the 
valley of the Kio Veijo. For alwiut the first two miles of its 
length, there is no water, save in the brief rainy season. The 
small stream in the valley into which this canon entei-s flows 
through or down the Rio Veijo into lake Managua and thence 
thi-ough lake Nicaragua and the Rio San Juan del Norte into the 
Caribliean sea, thus forming in its route an arc of about two- 
thirds of a circle and of several hundred miles, instead of flow- 
ing w^estward from the mouth of the Rio Veijo, through a flat 
countrx', into the Pacific ocean. At the low€»r end of this canon, 
jis it enters the valley of th^'^ Rio Veijo, are numerous hills and 
knolls, many of them having long connected ridges that extend 
far into the valley. Those examined, and probably all of them, 
are composeil of irregularly mixed, unstnitified rocks, clays, 
pebbles and sands, cemented in some places by iron oxides and 
elsewhere but partly hardened. Across this valley, in a crescent 
formed by the Rio Veijo, is the large deposit of petrified lM)nes 
of Cenozoic (and possibly some of them Mesozoic) mammals and 
reptiles previously referred to in this paper. 

Between the town of Ocotal and the village of Depilto. eight 
miles distant fri)m each other, in the Department of Nueve Seg- 
ovia, at about lat. 18° 85' N. and long. 8()° and 82' W,. are 
found such apparent evidences of glaciei*s' work*, as striated 



♦The late Thomas Belt, F. R. S., in his "Naturalist in Nicara^a,' 
second edition, declares these to be moraines and considers theni indis 
pntable evidences of a C41acial Epoch here. When I made the examina 
tion of that locality I did not know that he had previously been there 
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boulders, deposits of stinds, clays, pebbles, and rocks, generally 
appearing to be unassorted ; but in some parts they appear strati- 
lied, not as deposits made by recent floods, having well defined 
lines of separation, l)ut as if made interruptedly and at the same 
time with the other large masses of (so far as examined) unas- 
sorted deposits. These moraines* are at the confluence of the 
three rivers, Segovia, Depilto and Maculeso whose aggregate 
hydrographic are4i is about eight thousand square miles. My 
notes, made after several examinations at intervals during a stay 
in that part of Nicaragua of about four months, state that possi- 
bly a large portion, if not all, of these deposits are moraines. 

Several large knolls and. small hills are found north of the vil- 
lage of San Rafael del Norte, in the department of Matagalpa, at 
the southwestern focjt' of the Cerro Yalli, alx)ut lat. 13° 20' N. 
and long, 80° W. , each having extensions of from one hundred 
and fifty to six hundred yards long, declining into the llio San 
Rafael del Norte, composed, so far as my examinations extended, 
of the uniissorted, unstratified fragments of rocks and pebbles, 
some rough, others smooth-edged; all embedded in sands and 
clays. In some places the clays, in others the sands are in excess. 
These deposits were first discovered by the late Thomas Belt, F. 
R. S., and described in the second edition of his '-Naturalist iu 
Nicaragua." published within the past few yeai*s in London. lie 
declares them to be moraines, which if discovered in Canada 
would unquestional)ly ])e so considered. Cerro Yalli, at this 
locality, is tall and has steep sides, but the hydn)graphic area is 
comparatively large, and although I found no narrow, deep ra- 
vines in the side of the mountain near these deposits of un- 

I believe it was his only trip (and one of only a few days) to this locality, 
distant for more than three or four leagues, from the mines near 
r^aLibertad (that h<' superintended for a few years). He was a quick 
and close observer, but was hurried on this trip and did not note, prob- 
ably, the large hydrographic area of tlie three rivers, Segovia, Mar uleso 
anci Depilto which unite, in this locality, their rapid currents. 

*r had doubts about these being moraines, until two months ago, when 
for the first time and only for a few liours, I had opportunity to exam- 
ine the work of the late Thomas Belt, referred to in foregoing note. 
I believe Mr. Belt was correct in designating these deposits moraines. 
My doubts octcurred because we are sometimes liable to mistake de- 
l)osit8 made by water for those made bv ice, imless after extensive ex- 
cavations, etc.: also, because the water-shed of these three rapid rivers 
is (|uite large, and in fiood times tliey transport large boulders for long 
distances, and, because there are evidences that a part, if not all, of that 
vallev has been overflowed. 
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stratified niaterialH, 3'et I could not persuade myself that the 
rocks, pebbles, clays, sands and pieces of lignite composing these 
hills, knolls, and ravines had been transported to and deposit(»d 
in this valle}'' b}' water. 1 found, it is true, many loose boulders 
at various places on the side of the mountain, too many, I 
thought, to remain in such places after a glacier had moved over 
them; but. possibly those boulders were deposited by some melt- 
ing ice-sheet. 

Other evidences in the Nicjiragua of a Glacial epoch. subse(iuent 
to the Pliocene, have been discovered and examined by me, but 
none found to be so distinct and impressive as those herein de- 
scribed. 

ITydrographic charts, made by lK)th the U. S. Coast and Geo- 
detic Survey and the British Admiralty, of soundings of the 
Caribbean sea, from the coast of Nicaragua east to the Atlantic 
ocean, show (besides the bed of one, or possibly two, old lakes or 
inland seas whose present beds are 1 . 000 to 1 , 900 fathoms below 
the present surface of the sea) long, deep, wide holes in the bed 
of that sea, at intervals from the principal (really the old Plio- 
cene or ante-Pliocene rivers) mouth of each of the Rios Escon- 
dido (Bluefield), Matagalpa (Grande), Tnngla (Princapulka) and 
Segovia, which holes are tniceable eastward to the western margin 
of the Atlantic ocean, or to about 60° west longitude on the east 
side of the Antilles, indicating that the channels of these rivers once 
extended out fifteen hundred miles further than at present. 
These sub-marine fiorjis are now nearly filled up by debris of 
brachiopods, cephalopods, moUusks, etc., and in the shallow parts 
by corals. The average depth of this sea is about 5,500 feet, 
but if we consider the two very deep places as lakes existing in 
the early Tertiary period, then the average depth of the Carib- 
bean sea is less than 5, 000 feet, or, less in depth than the altitude 
at present above its upper surface of several cerros in Xicanlgua. 
The deep holes in apparent continuation of the former channels 
of some of the old rivers that emptied from Nicaragua into the 
Caribbean sea indicate, in connexion with the facts related in the 
foregoing part of this paper, that great eh rat ion oiire ovmrrfd in 
that latitude and loralitt/ sufficient to have raised, far alK>ve t\w 
surface of the water, almost all of the ])ed of the Caribbean ;sea. 
and to have extended the mountiiins in the central part of Nica- 
ragua far np into zones of snow and ice, producing a Glacial 
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epoch. There are atolLs and l)aiTier reefs in that sea. which, in 
all pr()l)al)ility. are continuatiouH hy corals, upward, at the rate 
of sea-bed depression, or subsidence of tlie tops of mountains 
that now are the sub-marine, but once were the sub-ai^rial parts 
of the Nicaraguensian continent. When elevation had com- 
pleted its work here, it is probable that subsidence deeply sub- 
nier<red the present Isthmus of Panama. 

No river flows from the deep, concave western side of Nicara- 
ijua into the Pacific ocean of sufficient size to be considered a 
factor in connection with this subject. 

The foregoing facts indicate: 

(a) That, at least, two or three mountain ranges in Nicaragua 
were deeply coverwl by ice during a Glacial epoch contemjjorane - 
ous with that which existed in the North American continent. 

(b) That at that time there was. because of great elevation of 
land and sea-lH^l, a Nicaraguensian continent extending eastwani, 
al)out fifteen hundred miles further than at present, over the 
northern and midcile part of the area now occupied by that part 
of the Caribliean sea eastward from the Nicaragua coast, to the 
Atlantic ocean at atout the OOth meridian west from Greenwich. 

(c) It is probable that the submergence of the Isthmus of Pan- 
ama was then sufficient to allow a large part of the south equato- 
rial current (which now carries so much heat to northern latitudes) 
to pass into the Pacific ocean. 

(d) Cosmic conditions, as irregularity in the amount of heat 
from the sun, equinoxial precessions, variatiims in the excentricity 
of the earth's orbit, and extreme variations of the magnetic 
north and south poles, may have l)een factors; but the two latter 
were ceitainly of very mo<lerate effect in producing a Glacial epoch. 
Great elevation of land appears to have been the potent cause in 
Nicaragua. 

(e> The movements of elevation and subsid<»nce appear to have 
Ikhmi more rapid in this country, than in latitudes many degrees 
further north, and more fretjuent and vigorous in (ilacial ami 
Recent times. 

(f) It is quite probable that the extensive fnicturing and Assur- 
ing during the early Glacial or late Pliocene epoch gave rise to sev- 
eral additional A'olcanoes along the western part of Nicaragua 
and added varietv to the scenerv f)f mountains clad in ice in the 
central part. 
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ON CYCLES OF SEDIMENTATION. 

J. Lawton WiLLiAMH, Honiellsvlllo, X. Y. 

The fact of cycles of sedimentation is well known to strati- 
graphical geologists. The following table, from Dr. Alexander 
Winchell, is a good illustration of what is meant by the term : 

Tablk of Cycles of Sedimentation. 



Pftlneoxoic 


Coart>e 

Fraffinetital. 


Fine Fnigmental. 


CalcareouH. 


Calcareo- 
Fragmental. 


Vpp»»r 

Carbon if eroiiH. 


ParmH 

('Onji^Iomerate. 


Coal Meamiretf. 
(Broken Into 
small ei)och.) 


I^ ramie 

LimoHtone. 


Permian. 


Lower 

Carboniferous. 


Waverly Sancltttone 
(Marohall PliaMo. > 


Waverly Sandntoue 
(Choutean Phase. > 


Monntain 

Llnu't^tone. 


False Coal 
Measures. 


Dei'onian. 


Orinkany 

Sandntone. 


8choharle (irit. 

?<iagani Shale 

and (*lintun. 


ConiiferouK 
Limestone. 


Hamilton 
and Chemung 


Siliirinn. 


Medina Saiidatone 
and Ouokla 
CoiiKlumerate. 


• 

Niagara 

Limestone. 


Sallna. 


Cttinbriiin. 


PotHdani. 


Calcift'roiiHand 

Chaxy. 


TnMiton 

Limestone. 


Cincinnati. 



While these divisions may be somewhat artificial and arbitrary, 
the}' seem to illustrate* the general fact of a definite sequence in 
sedimentary deposits. Similar relations have l)een oliservtHl in 
the strata of Great Britain. Mr. Hull (Quart. Jour. Sci., July, 
1869.) makes a triple mther than a quadruple subdivision: 1st, a 
lower stage of sandstones, shales and other sedimentary- deposits, 
representing prevalence of land with downward movement; 2d, a 
middle stage, chiefly of limestones, representing prevalence of 
sea with general quiescence and elal)onition of calcerous organic 
formations; 3d, an upper stage, once more of mechanic4il sedi- 
ments indicative of proximity to land. 

The identity l)etween this and Winchell's table is apparent. In 
both we may begin with a given stratigraphical structure, and. 
after passing thi*ough a definite succession of intermediate struc- 
tures we again encounter one like the first. We are to bear in 
mind, however, that this succession is not a rigid one. Often- 
times we meet with intercalated V)eds which have no representa- 
tives in the other members of the series. Besides, there are wide 
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variations in the relative thicknesses of analogous beds, and in 
the aggregate thicknesses of different cycles. The facts with 
which we are impressed, however, arc not the minor discrepancies 
and apparent anomalies, but the broad general fact of a definite 
sequence. And tlie conviction becomes irresistible that such a 
sequence, must be referred to a periodical recurrence of certain 
fundamental phenomena concerned in the evolution of our planet. 
These phenomena may be considered under two heads in relation 
to this subject: 1st, immediate causes ; 2d, remote causes. The 
imme<liate causes are evidently, (a) the elevation and subsidence 
of land areas, (b) meteoric conditions affecting the rate of erosion 
of these areas (c) the mutual reactions of these separate forces. 
In the remote causes we must seek for an explanation of the 
periodUitt/ of upheavals and subsidences. It is clear that with a 
given surface of the earth's crust, an elevation of a portion of 
land must either result in a depression of some other portion of 
land or of .the sea Iwttom. Let us 8up|)ose an elevation of land 
to take place which results o\\\j in a depression of the sea bottom. 
There will then be a smaller surface of the watei-s of the globe 
exposed to the evaporative influence of the sun. Other things 
equal, there will, consequently, be a diminution in the amount of 
precipitate<l moisture. This will necessitate a (hminution in the 
amount of erosion and atmospheric disintegration of the emergent 
area«, provided the rainfall be ecjuable. But the amount of 
erosion depends not only upon the quantit}', distribution and 
periodicity of rainfall, but also upon the angle of slope of the 
land subject to erosion. The effectiveness of erosion varies 
directh' as some high power of the velocity of the eroding fluid, 
and the velocity is a direct function of the sine of the angle of 
slope. So that the diminished precipitation due to a diminution 
of the water surface might be more than counterbalanced by a 
disproiK)rtionate increase in the angle of slope, in the final results 
of erosion. Let us assume that in a given instance this was 
actually the case. Then the great angle of slope would necessi. 
tate a precipitous fall of torrents. SupiK>se the slope is such as 
to double the menu velocity of a given volume of water falling in 
a given interval of time. Then, whereas fonnerly this same 
volume of water transported to the sea fragments whose dimen- 
sions may be represented by l*or 1, now it will transport frag- 
ments of 2* or 04, since the tra!is|K)rti ng power of a fluid varies 
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:is the sixth power of the velocity. (Hopkins Q. J. G-eol. Soc. 
VIII p. 27.) These last will have a size relative to the first as 
small cobble-stones to gravel. Now let us suppose the process of 
ei-osion continues. The coarse fragments will be polished and 
rounded by their journe}' to the sea, and will be deposited in a 
soft matrix of mud and finer pebbles as a conglomerate. The 
largest fragments will be deposited first, and, with the wearing 
away of the slope, and consequent diminution of the angle 
of slope, the size of the pebbles of successive deposits 
will be smaller and smaller. Finally, when the angle of slope be- 
comc»H such that the velocitv is one- half what it was at first, the 
.size of the fragments will be 1 instead of 64. Such fragments 
will l)ecome a sandstone or shale according to circumstances. At 
length the land will be entirely eroded away. Meantime the sed- 
iments deposited along its shores will have accumulated to a vast 
depth. This accumulatexl weight will necessitate a submergence 
to rcstoi'e the ecjuilibrium of surface pressures (Babbage and Prof. 
Jas. Hall). The deposits will sink to a depth which will he con- 
genial to the development of vast iK)pulations of corals, crinoids 
4ind other lime-secreting organisms. Here they may continue to 
build through a long succession of genemtions, the increment of 
weight due to their accumulation producing just enough submer- 
«;ence to maintain a pn>per level for their growth (Darwin). A 
vast deposit of crude limestone will be the result. This is pre- 
<»i8ely the succession found in the table at the beginning of this 
article. ConglomemU*, sandstone and limestone are repeated 
•over and over again. In the preceding discussion we have 
iussumed the simplest conditions imaginable ; an eminence of land, 
41 given elevation subject to no oscillations of level during the 
long period of time while it is worn down to the level of the sea, 
4in equable and uniform quantity of precipitation, and a suffi- 
cient weight in the accumulated sediments to effect a subsidence 
when the destruction of the land was completed, and, finally, a 
subsidence deep enough and not too deep to be favorable to the 
growth of lime-secreting organisms. 

It is astonishing to see how faithfully these ideal condi- 
tions have l>een repejiteilly realized as recorded in the Pal- 
leozoic rocks of North America. And it is perfectly' con- 
-ceivable how a variation of these ideal conditions might lead 
to the discrepancies and anomalies already alluded to. We 
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assumed a unifomiity of meteoric conditions, but such a uniform- 
ity is impossible from the very nature of the other conditions 
assume<l. For when the land has a great elevation the moisture* 
precipitated upon it will assume the form of snow and ice which 
will inaugumte various climatic changes. As the land is worn 
away there will be a greater surface of water exposed to evaiK>ni- 
tion, and this will react upon the quantit}' of precipitation. Again 
the disappearance of land will allow oceanic currents to pursue 
new channels which will directl>' react upon climate and indirectly 
upon precipitation. Finally the land will in most cases be subject 
to oscillations of level which will react upon climate in a complex 
and indirect way, and upon the rate of sedimentation in a direct 
way. Any one of these variations will interfere with the uniform- 
ity of the cycle, and when several of them are concerned simul- 
taneously it will l)e correspondingly complex. So much for the 
immediate causes. In the remote causes we must seek for an 
explanation of the fie r iodic it if of upheavals and subsidences 
which have given rise to cycles of sedimentation. 

For our present purposes it will not Ik* necessary to enter into a 
discussion of the causes which have determined the existing con- 
figuration of land areas. Without doubt, Prof. Darwin's appeal to 
astronomical influences suggests a genenil explanation of the leading 
facts. Also T)r. A. Winchell shows (World Life) how the lunar 
tides during the earth's early incrustive stages would impress 
meridional lines of weakness. The sid)sidence of the earth's 
wpiatorial protuberance due to the secular diminuticm of its rota- 
tional vehK'ity would conspire to a like result. When such lines 
of weakness are once establishe<i everv contraction of the crust 
due to the radiation of internal heat will give rise to rugosities 
along those lines, and these rugosities once established will tend 
to grow with every increase in the lateral pressure, So much for 
the generalities. But there are certain siH»cial and very remark- 
able phenomena which the.se hypotheses do not take into account. 
Such are the perifnlicities of upheaval and subsidence which have 
given rise to cycles of sedimentation. Mallet has argued in 
another connecticm that the contraction of the earth's crust duet^f 
secular cooling would by the crushing of the rocks give rise to an 
enormous (juantity of heat, and that this crushing would take 
place after long inten-als of (piiet. during which inter\'als the 
tension necessary to produce the crushing would l)e generated. 
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Doubtless here is one explanation of the periodicity of disturb- 
ances in land areas. There are others. Dr. Croll has shown how 
the precession of the equinoxes combineil with variations in the 
eccentricity of the earth's orbit must give rise to a secuhir recur- 
rence of periods of refrigeration. When winter in one hemisphere 
occurs in aphelion and the eccentricity is a maximum, the pohir 
regions of that hemisphere will be covered with a cap of ice, and a 
climate of arctic severity will prevail. ^Meanwhile the other hem- 
isphere, l)eyond the equator, will have a torrid climate. This 
state of affairs will continue until the precession of the equinoxes 
shall reverse the conditions. Then the other hemisphere will 
suffer refi'igeration and a tropical climate will dispel the ice- cap 
from the first. Dr. Croll shows how these changes would cause a 
shifting of the earth's centre of gravit}* toward the pole which 
sustained the ice-cap, and thus the oceanic waters would rise on 
that hemisphere and * deluge the land. Thus each hemisphere 
would undergo alternate phases of submergence coincident 
with the alternate periods of refrigeration. This oceanic 
oscillation, Dr. Croll argues, accounts for the alternate l)eds of 
coal and shale so characteristic of the Coal Measures in all parts 
of the world. (Climate and Time.) Here then we have another 
clear cass of periodicity. I would add in this connection that 
movements of the intermU fluid arising from changes in the cen- 
ter of gravit}', would, by virtue of the superior momentum of 
the central heavier masses inaugurate a motion which would churn 
the lighter peripheral fluid into the mountain arches and crevices, 
in some cases simply producing elevation, in others, giving rise 
to igneous eruptions upon the crust. If the interior of the earth 
had the rigidity of steel, a shifting of the centre of gravity would 
nevertheless lower the peripheral pressure on the far hemisphere, 
perhaps thus producing liquefaction. This might admit of lava 
outflows, luid, in fact, evidences of such occurrences arc not 
wanting in polar regions. Moreover, such a shifting of the 
earth's C4»ntre of gravity, even if ever so slight, might propagate 
spherical waves passing outwanl and imparting terrific impulses to 
the crust. Such waves would bring into contact different chem- 
ical elements separated before by their relative specific gravities, 
and this would promote intense calorific effects which would react 
upon the crust. It is possible that the rise of sea level, due to 
the ice-cap, would depress the sea-l)Ottom and thus elevat<» the 
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laud by the superadded weight aotiug tiiugentially toward the 
shores. In the opposite hemisphere a uew e(][uilibrium wouUi 
establish itself by the elevation of the 8ea-l>ottoin and depression 
of the laud. This would, in some degree, neutralize the relative 
differences of laud and water areas to which the shifting of the 
seas would give rise. It is to be remembered that the intense 
pressure at the poles during periods of maximum glaciation 
would precipitate crustiil convulsions when the contractile tension 
due to the nidiation of internal heat should have become suffi- 
ciently great. These complex factoi-s would all come into play 
periodically with the periodic recurrence of suitable astronomical 
conditions. 

There is 3'et another cause of periodicity which has oc- 
curred to me. In the deeper parts of the ocean, the hydro- 
static pressure must be enormously great. This pressure must 
force water ver}' deeply into the ixx^ky interstices of the ocean's 
floor, perhaps so deeply that its permeative power b^- capillarity 
is vastly incre^ised (Daubree 'Geologic Experimentale. ' p. 274). 
This water comhig in contact with the heated rocks of the deeper 
crust would be vaporized and would also fwilitate the evo- 
lution of explosive gases. These expansible products would press 
with tremendous force against their inclosures, and the crust 
would slowly yield to the irresistible pressure. This cnistal 
movement would continue for a time until the original interstices 
should have swelled out into fissures sufficiently wide to admit 
the expansive products to escape as fast as they were formed. A 
period of quiescence, so far as this force is concerned, would then 
ensue until the gaps were filled in with sediment when thepi-ocess 
would again be renewed. If the erosion of tlie land during the 
period of (puet were just sufficient to fill up the gaps we would 
then have the ideal conditions suggested at the beginning of this 
article. It should be remembered that the expansive force here 
consid<>red would have a powerful tangential component which 
would react landwanl in each direction tending to produce 
continental upheavals. Such movements would cause a sub- 
mergence of the ocean's bed, and this bed would be still 
farther depressed by the superadded weight of the inrush- 
ing waters. Thus there would be an indefinite reciprocal 
action between the two initial tendencies, each elevation intensi- 
fying its correlate<l depression, and each depressibn augmenting 
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the already existing elevation. This reciprocity of effects would, 
however, be antagonized by at least three counter- tendencies : 
1st, the earth's tendency toward sphericity due to the combined 
action of gravity and its rotational movement. 2d, the rapid re- 
adjustment by erosion which would ensue fi*om such enormous 
differences of level. 8d, the disturbed ecpiilibriuni of the inter- 
nal fluid which normally will assume concentric shells with den- 
sities inversely proportional to the distance from the centre. All 
these would oppose the distorting forces here contemplated ( and 
all others producing like effects), and confine the surface move- 
ments within rigid limits. Here it should l>e borne in mind that 
when the upheaval and consequent expenditure of mechanical 
energ3^ is great, the energy assuming the form of heat (due to 
crustal friction) is pro|K)rflonately diminished, so that the result- 
ing evaporation of oceanic watere, and, hence, the violence of 
watery precipitations is diminished, but. so far as erosion is con- 
cerned this loss is offset by the increased angle of elevation of 
continents. T am convinced that the heat generated by crustal 
friction is an important factor in the processes of ei"osion: for, 
when developed in emergent land, it will increase the chemical 
effectiveness of atmospheric moisture coming in contjict with it, 
and thus accelerate disintegi'ation. Where, on the other hand, 
it is developed in the ocean's l)ed it will heat the cold [jolar cur- 
rents there, part of it being thus conveyed to the equatorial 
regions there to augment evaporation, and part of it will pass 
directly by convection to the surface producing a liiie effect. In 
the reciprocal elevations and subsidences heretofore alluded to 
the heat of friction (and consequent evaporation resulting in 
erosion), would be developed on a prodigious scale. This would 
promote the rapid leveling mentioned above. 

Thus it appears that by an appeal to physical principles 
we can explain the fact of periodicity in the cycles of sedi- 
mentation as a result of several independent forces. While 
we cannot ho|)e in any given instance to refer a partic- 
ular upheaval or subsidence to a specific category of causes, 
yet we may rest assured that one or several of these causes 
have been operative either isolatedl}' or conjointly in pi-oduc- 
ing the varied effects. Doubtless minor local disturbances 
are referable in some cases to purely local causes, although 
we should not trust too implicitly to such an interpretation. Be 
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tkis as it may, there seems to be good reason for referring gen- 
eral and widespread movements occurring during protracted in- 
tervals, like those which took place on all the continents daring 
the Carboniferous age to general causes. We have stated before 
that Dr. Croll refers the movements of this epoch to alternate 
l>eriodH of refrigeration on the northern and southern hemi- 
spheres, such perioils favoring the formation of an ice cap, and 
thus, by changing the earth's centre of gravity causing a rise of 
waters on the refiigerated hemisphere. No doubt this may ex- 
plain the fact of differences of consecutive strata, but it does 
not solve the problem of cycles of sedimentation, and it appears 
to me that a diminishing angle of slope in the wasting land under 
uniform conditions of precipitation is the only adequate solation. 
But even this does not explain those grahder divisions of geologic 
time like the Palaeozoic, Mesozoic, and Caenozoic. We may 
suppose that movements like the upheaval at the close of the 
Lower Silurian, in tlie Permian, or in Tertiarj^ times were either 
the expenditures of accumulated tensions created by contractions 
in the earth's crust, or a contemporaneous action of this with one 
or more of the other forces enumerated heretofore. 

Such a ijeriodicity of major events separated by long intervals of 
time and interspersed by minor commotions harmonizes with the gen- 
eral hypothesis of a cooling and contracting globe. We would 
infer that in early times when the crust was thin, the radiation of 
heat wa« much more active than now, and general, peripheral 
convulsions were of fi*equent occurrence. But owing to the thin- 
ness of the crust it could not sustain any very marked elevations 
without a rupture and outflow of molten matters within. Such 
outflows, if copious, would obliterate any existing diflferences of 
level, and refuse the parts of the crust which were crumpled in- 
ward. This pnx'ess would of necessity continue until the crust 
should have attained a suflUcient thickness to sustain the eleva- 
tions impressed upon it. Assuming that this was the order of 
events we would expect that elevations would take place along 
lines of weakness (see <«/«/<'); that the major contractions would 
be co-simultaneous on different parts of the glol)e, that the older 
mountains would have a smaller elevation than those that were 
formefl later; and, finally, inasmuch as the rate of radiation of 
internal heat sustains an inverse ratio to the thickness of the 
crust, whereas the resistance to flexure sustains a direct ratio to 
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that thickDeHS, we would expect that the epochs between succe8- 
*ive general disturbances would be progressively longer as the 
cooling of the interior advanced. On this hypothesis, other 
things equal, the Palaeozoic seon l)etween the Lower Silurian and 
the Permian would be shorter than the Mesozoic, and this in tuni 
shoiter than the Cainozoic. But while these deductions seem 
well founded, we should be exceedingly cautious about applying 
them too literally owing to the manifold and intricate aspects of 
this problem. There seems to l)e good ground, however, for 
accepting the general views hert* set forth. A general synchronism 
of cnistal movements is but a corollarv from the doctrin« 
of the identity of geological formations on different parts 
of the globe. The later formed mountains were undoubtedly 
colossal compared with earlier ones. We have but to compare 
the Green mountains (making due allowance for subsequent 
erosion) which were uplifted at the eild of the Lower Silurian 
( Dana) with the Rockies, Andes, and Himalayas of Tertiary times 
to realize the greater elTectiveness of on)genic forces with the aug- 
mented thickness of crust. While we seem forced to admit a 
general s}nichronism in the movements of continents as shown in 
the fioc;ene period, yet a close parallelism in the cycles of sedi- 
mttntation should not be expected. Circumstances too numerous 
and coinplex to be here considered would modify in endless ways 
the minuter adjustments and readjustments of land and sea. But 
this absence of parallelism does not at all invalidate the general 
doctrine of cvcles of sedimentation. 

Here it would l>e interesting to point out the relations 
sulmisting between cycles of sedimentation and geological 
faunas. .1 priori we feel sure that intimate connections 
must exist l)etween the two, and the general facts of palae- 
ontology seem to sustain the inference. The modifjing in- 
fluences of such cvcles must have i)rofoundlv affected the 
development of animal types. But we are t<K) ignorant of 
the laws of life to speculate upon the mmhts operandi of such 
developments. We can conjecture this much, however, when 
the elevation of the land is greatest, the denudation is most ener- 
getic, the roily waters will then flow farthest out into the sea, 
and only mud-loving animals will frequent the neighborhood of 
the shores. Their remains will be iml)edded in the resulting con- 
glomerate. With the diminution of erosive activitic»s new con- 



32-1: Tlie American Geologist, Xovpmbor, iwi 

(litioiiH will prevail in adjacent setus, and a ditTerent class of or- 
ganisms will inhabit their waters. When the land has disap- 
peared altogether, the waters will l)e clear and well snited to the 
growth of linic-secreting animals. Tims there will Ik* a cycle of 
living forms corresponding to each cycle of sedimentation, but 
owing to the long dnrati(m of those sedimentary' cycles, and the 
mutability of animal types, the cycles of life will rarely if 
ever repeat themselves in consecutive cycles of sedimenta- 
tion. 

In conclusion we ma\' say that the geneml fact of cycles of 
sedimentation is well established. They are best explained as 
resulting from the secular elevations and differential rates of 
erosion of land areas. The elevations must have l)een periodic. 
This periodicity was due to other secular phenomena of a more 
general and fundamental character. The following are the most 
important of those phenoiliena: 1st. The secular cooling and con- 
sequent contraction of the earth's crust. 2d. The alternate 
occurrence of pericnls of refrigeration at the northern and south- 
ern hemispheres due to astronomical events. 'Jd. The generation 
and expansion of gases and vapors at the lK)ttom of the seas 
resulting in crustal disturbances. By the independent or united 
activities of these several forces there have resulted periods of 
profound and universal disturbjinces occurring at widely i*emoved 
intervals of time. AVhile those inten'als have l>een marked by a 
prevailing quietude, yet there was a continuous succession of 
minor disturbances related in some complex way to those same 
general forces, which have given rise to cj'cles of sedimentation. 
' July J8, 1891. 



EDITORIAL COMME:s'T. 



The study of geology is no light and easy task. Robert Mal- 
let once wrote that to l)e a geologist a man must first l)e a chem- 
ist, then a physicist, and histly a mathematician, (reology can- 
not be mastered by readinar the literature of the science, interest- 
ing and important as it is. Nor can the alternate loading and 
discharging of a few pages of a school or college text lK)ok make 
a geologist. (Jeologus nascitur, non fit, is a true paix>dy of the 
original. No man can be a geologist unless the stuff is in him. 
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But poB8e8sin^ this he yet needs careful training. At the same 
time the siiy)ject is so large and the field so wide that scope is 
aflforded for gi-eat variety of mental power and habit. The re- 
flective mind can find ample room to usefully indulge his si>eeu- 
lative tendency if he only keeps within the limits of resison and 
judgment. The observing realistic mind will be perfectly at 
home in a practical portion of the science. Xor are the graces 
of literary training foreign to the subject, for the power of the 
geologist to present his favorite theme to others is often and 
vastly helped by its possession. The stonemason of Edinburgh 
would never have l)ecome the Hugh Miller of geology and litera- 
ture had he lacked his elegance and iK)wer of diction and illustra- 
tion. 

But for success in any field of the science hard and continuous 
lalK)r and thought are rcxiuisite — especially thought. Pondering 
on the problems before him and working them out in detail, 
whether in the field or the study, makeA the geologist. To realize 
by the aid of a scientific imagination the past and the lost of the 
earth's history, to conceive of the destroyed as still in existence, 
and to estimate and weigh the changes resulting from its destruction, 
all this involves a j)ower of vivid mental imagery not [Kwsessed: 

bv manv. 

(rreat geologists therefore have been and still are rare. ^len 
who can gather up the work of others and focus it with their own 
in some grand generalization as Agassiz did for the Ice-age, never 
will Ih» numerous.' But the rank and file of the geological army 
is not to be despised because each one cannot be the great com- 
mi\nder. Every one can contribute to the victory if by patient and 
careful drill he will fit himself for the work that geology demands. 

And this work is the investigation of the pi-oblems that lie at 
his own d(K>r. C'ounty geology, township geology and even the 
geology of smaller areiw are the topics with which most must con- 
tent themselves. There is scarcely a county or township between 
Maine and Oregon, between Minnesota and Mississippi that does 
not afford enough problems to employ all who desire to work. 

'^ But what shall I study? At what shall T look?" are the 
usual remarks. Are there fossils within your reach? Then 
make an effort to secure all the species that occur there and learn 
to distinguish each one and every single part of each one so as to 
have a critic4il ac^^pmintance with them. Are there none? Then 
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study the river and stream. Why does thiH stream flow here and 
that one there? Has the present position been determine<l by the 
hanbiesH and softness of th<' strata or by some other cause? 
Have the highlands l>een elevated or are the}' merely relies of 
larger mass(\s that have l»een eroded? To what geological era dp 
the rocks of the county belong, and for what reason iire they 
ascribed to that date? 

These are a few samples of the problems lying liefore the local 
geologist and his attempts to solve them will give him more geo- 
logical knowleiige than the reading of all the textlnx^ks or the 
committal of their pages to memory. 

I have seen men who knew nothing of lKX)k geology, who 
could not tell whether the Silurian or the Carlwniferous strata 
were the older, and who did not concern themselves with the 
theoretical questions that divide the geological world, but who 
were neveithek^ss, in my opinion, trained and educated men. who 
could reason closely and severely from their data, and whose 
(pieries, suggested by ex|)erieuce, often pu;usle<l learned geologists 
who heanl them. Such men are too scarce. 

I do not undervalue study of a wider kind. Let all who can 
enjoy it. But when it is out of reach let none sit down and say 
•*T cannot study geology." 

Such men as descril)e<l aliove are often the life and soul of 
local societies, and it is from their careful and constant work that 
these societies derive a great part of their value. To l)oth we 
look for great and increasing results in the future*. 
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Oil tlw. Vertehratafrom tfn' Tertiary and Cretacrx>us Rock* of t)ie X, }V. 
Territory, — E. D. Copk. (Geol. 8ur. of Canada, Vol.3 [Quarto], 1991, pp. 
25, 14 pis.) In this part (I) Prof. Cope describes ^*The Species from the 
C)li<;ocene or Lower Miocene beds of the Cypress Hills."' The material, 
from which these species are described, was found in a bad state of 
preservation, the bones being much broken, which is accounted for by 
the fact that the formation from which they were derived is conglom- 
erate of a (luartzltic nature. The bedn are somewhat older than the 
White River beds of Dakota* which accounts for the presence of 
lfemip»alodon. Five new species of fishes are described, Amia trhit- 



tttte*ana^ A, twteronpondyla, HhineMes rhtta$^ Amiut'ii% eane4^ll<itt(s<, A^ 
maeonndiiiy the three latter being somewhat doubtful; a new testudinouB 
reptile, Trionyx leueopota miens is also given. A numl)er of mammals 
are also descrilied, Metiadus being the [>rincipal. It is surprising to note 
the almost entire absence of the Oreodonts, only one tooth having been 
found. 

Hie Britinh Tertinry Erhinoid Faunas ft ml their Affinities. — J. W. 
Greqory, F. G. S. 45 pp. I fig. in text. (Proc. Geologists* Association, 
London, Pts. I and II, 1891.) This is a most important memoir, cover- 
ing, as it does, the entire Tertiary fauna of the British Isles; the work, 
however, is deficient in illustrations of the new species described. 
There Is reference to two plates, and it is presumed that they will appear 
with the next number of the Proceedings. Six new species are de- 
scribed of which four are from the Eocene. According to this author, 
there are 7 genera and 14 species from the Eocene, 11 genera and 21 
species, of which 9 are Echinus, from the Pliocene, and five genera and 
seven species, of which 8 are Echinus, from the Pleistocene. The author 
concludes that the cause of the small number of British echinoids is 
due entirely to climatic and litholo'gic conditions; in the Cainozoic, the 
British seas were cold and free from reefs, both conditions unfavorable 
to the growth of echinoids. The author also favors the view that a belt 
of shallow water connected the south of Europe with America during 
the Cainozoic. A bibliography is appended in which are cited 49 
authorities. 

Tfie Mesozoie ami Tertiary Insects of Xetr South Wales, — K. Ethbkiinik, 
Jun. and A. S. Olliff, 14 pp., 2 heliotype plates. (Memoirs GeoL Sur. 
New So. Wales, No. 7, 1890.) There are but few Tertiary insects (hardly 
a dozen) known from the Australian continent, therefore this contribu- 
tion is particularly timely and important. There are described two new 
genera {Mesostigtnodera, belonging to the family Buprestidf^ void Pal(folycii» 
belonging to the family lAtfnpyrida>, both Coleoptera) and five new 
species. 

On the Osteohf/y of Ptfbrot/ieriufo. — W. B. Scott, Princeton (Jour. 
Morph. Vol. V, No. 1, June, 1891), pp. 74, 3 pis. and figs, in text. This 
learned author's "Contribution to the Phylogeny of the Tylopoda" is a 
beautiful illustration of systematic work. He first gives some interest- 
ing examples in evolution and then takes up the Ptvhrof her turn, which 
he is better able to describe than any other person, not only on ac(rount 
of his well known ability so to do, but also by the fact of the posses- 
sion of an almost complete skeleton: this skeleton having been discov- 
ered by that indefatigable collector, Prof. W. F. Magie, upon the ground 
which a few months later (in 1890) was made memorable by the Indian 
outbreak. This skeleton, together with a number of other parts, has 
enabled Prof. Scott to render this important contribution, and the 
thorough study of P*ebrotherttnu is indicated by the large number of 
pages devoted thereto. There is, however, one fault to be found with 
this paper, viz: the method of giving references, which are numbered^ 
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and refer to the end of the paper, whereas it would seem much better 
and would afford easier reading, to have the usual foot references. The 
author says Protolahu is the connecting link between ProeameUu and 
Pahrotherium^ this latter being also the forerunner of the llamas as well 
AH the camels. lie thinks the two species of Procamelu4i, P, oceidenialU 
and P. (lugvsHdens, the starting points of the llamas and camels re- 
spectively. Ijeptotroffuhu is the forerunner of the White River Pofbro- 
t/ienutn. The Brldger Jlofnaeodon is connected with ParUoletttes on theone 
hand and Leptotragulun on the other. ^*If these conclusions are correct, 
it follows that the Tylopoda are but remotely connected with the true 
ruminants.^' The ])oiuts in which the modern camels agree with the 
ruminants and which are absent in tlie Pofhrotlierium have been inde- 
pendently acquired. The monograph closes with a bibliography of 
thirty-four contributions to this and allied subjects. The three plates 
are magnificent expositions of the art. 

m 

The Tudor spccimm of Eon^on, J. W. Gii£GOiiY, F. G. S. (Quart. Jour. 
Geol. Soc. Aug. 1891.) After a thorough examination of this specimen 
•of AVzoon from Tudor, Hastings Co.4 Ontario, the author of this paper, 
supported by many authorities, comes to the already foregone conclusion 
that it is not of organic origin. It is further stated that the rock containing 
the specimen is not, as has been previously described, I^wer Laurentian 
but "Huronlan*' of Selwyn and Vennor. 

Stones far Duilding and Decoration^ by Georok P. Mkuriix, Curator 
of Geology in the United States National Museum, Octavo, pp. 458. 
New York. John Wiley «& Sons, 18i)l. All quarry men and builders 
who use stone will welcome this volume. It is the first of its kind in 
America, and it will certainly serve a ver>' useful purpose in the (juarry- 
ing industry. Quarry men and stone users are very apt to be ignorant 
•of the mineralogy and geology of the rocks they handle, and the crudest 
notions concerning them are frequently current. In this volume the 
composition and otiier natural qualities of all the building-stones of the 
•country are set out plainly in simple and non- technical, yet in accurate, 
descriptive, language. This will afford the information that is so badly 
needed by the ordinary builder, and will disseminate otherwise a more 
tliorough and scientific knowledge of stone. Of course the scientific man 
does not look into such a work for anything new in science. It is not 
addressed to such, but it contains many generalizations and summary 
statements in convenient form which will make it also very useful to 
him in reference to those portions of the subject with which he may 
not be personally familiar. It is a compendious dictionary of the pro- 
<luction and distribution of stone for construction and decoration in the 
United States, and also contains chapters on the weathering and preser- 
vation of building-stones, and on their comparative (lualities. No one 
has had ampler facilities, and certainly no one could be better fitted for 
the production of such a work than the curator of geology of the 
United States National ^luseum, where samples of all the building- 
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stoues of the countr}' were gathered through the agency of the census 
of 188(). 

Annwtl Report^ Geohgiml Survey of Ark/tiisaft, 1888, Vol. iv, J . C. 
Brakner, state geologist, Little Kocli, 1891, contains: The geology of 
Washington county, by F. W. Simonds, and A list of the plants of 
Arkansas, by J. C. Branner and F. V. Coville. The report on Wash- 
ington county is very full. The county embraces a complete section 
across the Lower Carboniferous rocks (Chester, St. Louis, Warsaw, Keo- 
kuk and Burlington) to which the name ** Mississippian^* is applied, after 
the recommendation of the late Dr. A. Winchell. In like manner the 
Coal Measures of the state, represented only by the basal portion- -the 
Millstone grit — is named Pennsylvanian on the authority of Prof. H. S. 
Williams. 

Me^luirCs Monthly^ published at Germantown, Philadelphia, by Thomas 
3Ieehan & Sons, is devoted to general gardening and wild flowers, but it 
is.much mofe than a gardener^s paper, being strictly scientific, and con- 
veying much general botanical information. 
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Foreign, PMicatioiis. 

Surface straining of the earth in relation to tiie deep phenomena of 
volcanic action. T. Mellard Ileade. (Geol. Mag. Aug. 1890.) 

Perched rocks near Austwick. T. Mellard lieade (Geol. Mag. July, 
1891.) 

On the Killary bay and Slieve Partry Silurian basin, also notes on the 
metamorphic rocks of northwest Galway. G. Henry Kinahan, (Pro. 
Roy. Irish Acad. 8rd. Ser., Vol. I, No. 5.) 

On the Drifts of Flamborough Head, (4. W. Lamplugh, (Quart Jour. 
Geol. Soc. Aug. 1891). 

•VI. Scientific iMboratorien and M autumn. 

Bulletin of Denison University, Vol. VI, parti, contains; Some obser- 
vations on the cnishing effects of the glacial ice-sheet, W. G. Tight. 



COEEESPO^'DEKCE. 



Xeic Zealand GUieiers. — ^The glaciers of Mount Cook (New Zealand) 
are not a whit behind those of the Alps in some respects. The longest 
is longer than the longest in the Alps. Then for one ton of superficial 
moraine matter the Alpine glaciers carry, the Mount Cook glaciers must 
•carry five hundred. The Mueller glacier is a mile in width, and for its 
lowest three or four miles is completelj^ burled under a load of stones of 
all sizes, from that of a railway carriage downward. I got about 8,000 
feet up Mount Cook, and 1 think would have attained the summit if I 
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would have spared aaother week. It will probably bo surmounted in a 
year or two, as young New Zealanders are getting to get a pride in it, and 
it will be much easier now, as a '^Chalet*' has just l)een completed well 
up the Hochstetter glacier and will afford a convenient base of operations. 

Although there ie evidence in old moraines, old high lake levels, and 
the like, of a former enormous extension of the glaciers, there is, strange 
to say, hardly any equivalent of the till or l>oulder clay marking an ex- 
tensive moraine profonde. 

On this subject I may say that when in Adelaide (South Australia), I 
went with professor Tate to Hallet's cove, in Spencer gulf, to see his 
glacial markings. Much discredit has been cast on these, but with all 
the assurance derived from having mapped glacial stritv In Scotland for 
ton years almost daily, I recognized these as genuine and unmistakable. 
There was just as little doubt that the ice which made them moveil from 
south to north: let the fact be explained as it may — whether the motive 
lay in a high land now submerged, or in the heaping up of ice round 
the south pole. In the latter cane the ice should have itnpinged on 
other parts of southern Australia and on New Zealand. The marking 
may not have been recognized because of the prevalence of soft Tertiary 
rocks unfit to retain impressions, or perhaps because the Idea would 
Hoem absurd. Uobeut L. Jack. 

To\r.)utiUe^ (faenulandy Aug. J, ISOI. 

Mil. C08ifiN(i AND TifK MuiR Glacier. — lu the very instructive and in- 
teresting paper by Mr. Gushing in the October number of the Ambuicak 
GEOLoaisT I was specially attracted by his remarks upon p. 221 upon 
the slight changes of level which seem recently to have taken place at 
the head of Muir inlet. One indication of the vaning phases exhibited 
by the front of Muir glacier Is found in the buried forests descriljed l)y 
Mr. Gushing on the east side. During the summer of 1886, when I was 
there, those buried forests were not visible. Nor did we observe upon 
the east side any instance of the ice overlapping the sand and gravel, 
though we saw abundant instances of both phenomena upon the west 
side. In recurring, however, to a report of Mr. Lamplugh who visite<l 
the glacier in 1884, 1 find that his attention was attracted l)y the overlap- 
ping ice ou the east side, and the officers upon the steamer told me of 
having Hoeu buried stumps at low tide in the same vicinity. Evidently 
the annual changes going on at tlie front of the glacier, especially upon 
the east side, are very rapid and marked, and it would be well if arrange- 
ments could he made to have them accurately noted from year to year. 

I think Mr. Gushing is probably right in his criticism upon my ex- 
planation of the burial of the forests Ufjon the west side of the inlet. My 
suggestion was that **tlie dying glacier*^ had pushed eastward during a 
periotl of general advance, so as to obstruct the drainage through Muir 
Inlet, and certainly the poHitlon of the moraine upon this singular glacier 
looks as though it were an offshoot from the larger ice-stream that at one 
time mied the west fork of (Tlacier bay, coming down from mounts 
Grillon and Fairweather. Mr. Gushing's criticism is also supported by a 
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fact which I mentioned but did not fully consider in my theory (see Ice 
Age in North America, p. 61), viz: that there were remnants of a buried 
forest on the south end of Headland island, which is below the "dying 
glacier." 

A slight modification of my theorj*^, however, would meet this difficulty, 
namely, that the ice-stream coming down the west fork of the glacier 
was for a time predominant, and pushed along so far in advance of that 
which enters the east fork as to obstruct the drainage of Mulr inlet, and 
allow the accumulation of sand and gravel which we now find above the 
forests. 

While there is nothing in the way of supposing a slight subsideiice to 
have occurred sufficient at least to carry down the buried forest on the east 
side below tide level many facts which have been brought to my observa- 
tion recently in England make me hesitate about bringing into the theor}' 
so large a cause for so small an effect. It has seemed to me that possibly 
those forests upon the east side, having grown upon an insecure founda- 
tion, may have slightly shifted their position, and that, as the inlet has 
been deepened by the active erosive agencies at work, there may have 
been a slight slip of extensive portions of the soil upon the east side, 
so as to carry the buried forests below the sea level. It is possible, also, 
that this lowering of their level may have been brought about with little 
or no lateral movement. The occurrence of a bed of quicksand upon 
which the forest strata rested may have suffered the foundations to be 
undermined through the action of springs, and thus brought about a 
local sudsidence sufficient to account for all the facts. 

Mr. Cushing's presentation of evidence bearing upon the changeability 
of the conditions about the eastern sources of Muir Glacier seems fuUv 
to justify his criticism of my remark that these forests may have existed 
before the Glacial period itself. In connection with further study of 
the region I wish attention might be directed as soon as possible to the 
glaciers which enter the western fork of the bay, that we might learn 
whether the changes taking place there are correlated with those upon 
the Muir glacier. G. Frederick Wright. 

Oberlin, Ohio, Oct 10, 



PERSOXAL AND SCIENTIFIC NEWS. 



The UxiVERSALiTV of Gold. Almost every cubic yard of 
granite, or in fact, of rock of any description, contains from mere 
traces to often appreciable quantities of metallic gold intermixed 
amongst the materials forming the rock. Also, it is a scientific 
fact, and one which has been proven by many actual experiments, 
that, for every avoirdui>ois ton of water in the entire bulk of the 
ocean, there will average about two grains of gold. Or, in other 
words, there will be found about two grains of gold in the form 
of a chloride of gold, in every ton of sea water, whether taken 
from the surface or at the lx>ttom. And. therefore, there are un- 
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told millions of (lolhii*s of gold held in solution bv the waters of 
the ocean, which have l)een dissolvecl out of the rocks of the 
earth by the action of heated alkaline waters containing silica, 
that have slowly leached and percolated their way throughout the 
crevices and porous substances of rocks, dissolving out the infin- 
itesimal particles of gold. The primary source of the gold found 
at the surface of the earth is found to l)e in the earliest azoic 
granite: and from these granites it has been altere<i and formed over 
and over again through all the succeeding geological horizons to 
the present period. Or, in other words, the gold of the ancient 
Archean granites formed during the cooling of the earth's crust, 
has been dissolved and precipitated and re-dissolved and re-pre- 
cipitated, over and over, throughout all the rocks of the earth's 
strata, from the very earliest Azoic to the most recent Quater- 
nary period. Therefore gold may l)e sought for in every geologi- 
cal horizon; and has thus been found in more or less pa^'ing 
(pumtities from the very earliest rocks, up to the recent alluvial 
and drift formations. However, in those veins of (piaitz which 
are found in the Cambrian and Lower Silurian strata, gold, in the 
metallic state, intermixed amongst the quartz, is found in far 
greater commercial (piantity. than in any other of the preceding 
ov subsetpient geological horizons. Wherever gold has l)een 
found in very large (pumtity in either vein or placer form, it has 
been found to be either in a Cambro-Silurian series of slaty rocks 
and (piartz. or else has resulted from the immediate decomposi- 
tion of those rocks. Dr. Willis K. Evkrkttk. 

The CALrMKT ani> Hecla Mink is now worked at a depth on 
the lode of over 4,0(HI feet with an extent in length of about 
two and one-half miles. This mine is operated by fourteen 
shafts, one of which is a six-compartment shaft, now sunk to a 
l)erpeiuUcular depth of al)out 2, 500 feet ; and which when completed 
will be upward of 5.000 feet deep. The aggregate power of the 
steam plant in use and under construction is some 37, 50C horse 
power, including one engine of 4, 700 horse power and eleven 
other engines of an average of 2,000 horse ix)wer each. The 
stamp mills of this mine contain 18 improved Ball steam stamps, 
making from 05 to 98 blows per minute and crushing about 4,500 
tons of rock of the lode in twenty-four houi*s. The three pump- 
ing engines have an aggregate capacity' of 50,000,000 gallons in 
twenty-four hours; while another triple expansion pumping en- 
gine, now nearly completed, has alone the capacity of 60, 000, 000 
ijallons in twentv-four hours. Besides the two sand wheels forty 
fe(»t in diameter capable of elevating some 10,000,000 to 18,000,- 
000 gallons of water and 1 , (JOO tons of sand per day, there is 
nearly completed another wheel fifty-four feet in diameter, de- 
signed to elevate 30,(MU).000 gallons of water and 3,000 tons of 
sand i)er day. Dr. M. K. Wadsworth. 
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A CATALOGUE OF THE PAL^EONTOLOGICAL PUB- 
LICATIONS OF JOSEPH LEIDY, M. D., LL.D. 

By John Kykrxan, EaMtfin, Pa. 

Dr. Henry C. Chapman in his **3Iemoir of Joseph Leidy, M. D., 
LL.D;' (Proc. Acad. Nat. Sci. Phila., 1891, pp. 342-388) gives a list of the 
recorded publications of this celebrated anatomist, in which there are 
no less than five hundred and fifty-three communications, principally to 
the Proceedings of the Academy of Natural Sciences of Philadelphia. 
It is a noteworthy fact that nearly one-half of these communications 
relate to vertebrate paheontology. Dr. Chapman^s complete bibliog- 
raphy exhibits the wide range of thought, which Dr. Leidy enjoyed in 
the natural Sciences. At tiie conclusion of his memoir. Dr. Chapman 
pays this high tribute to his friend. **Pos8ibiy no country ever produced 
*'a student whose Icuowledge was at once so accurate and comprehensive. 
*'IIe was an excellent mineralogist and botanist without claiming to be 
'^either, among the highest living authorities on comparative anatomy 
^^and zoology, one of the most distinguished helmiuthologists living and 
**tlie equal of any pahi^ontologist at home or abroad.*' 

1. On the Fossil Horse of America. I*roc. Acad.* 3, 1840-47, pp. 
262-60. 

2. Additional Observations on the Fossil Horse of America. Proc. 
Acad. 8, 1847, pp. 262-00. 

3. On the new Genus and Species of Fossil Ruminantia, Po^ebrother- 

ium wilsoni, Proc. Acad. 1840-47, pp., 323-20. 
.3a. Id. Ann. Nat. Hist. I, 1848, pp. 389-92. 
3b. Id. Am. J. Sci.f V, 1848, pp. 270-79. 

4. On a new Fossil Genus and Species of Huminantold Pachyder- 

mata, Merycoldodon culbertsonii. Proc. Acad. IV, l^t48-49, pp. 

47-50. 
."). Tapirus americanus fossilis. Proc. Acad. IV, 1848-49, pp. 180-83. 
0. On lihinoceros occidentalis. Proc. Acad. 1850, p. 119. 

7. Observations on two new Genera of Mammalian Fossils, Eucrota- 

phus jacksoni and Archteotherlum mortoni. Proc. Acad. V, 1850- 
51, pp. 90-94. 

8. On some Fossil Mammalian Keniains. Proc. Acad, V, 1850-51, pp. 
121-22. 

9. On a Fossil Tortoise, Stylemys nebrascensis. Proc. Acad. V, 1850- 
51, pp. 124-20. 

10. On Fossil Remains of Uuminaut ungulates from Nebraska. 
Proc. Acad. V, 1850-51, pp. 237-39. 

11. On the Fossil liemains of Balaena paheatlantica and B. prisca, 
from the Miocene formation of Virginia. Proc. Acad. V, 1850-51, 
pp. 5)08 9. 
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12. On some Fossil Reptilian and Mammalian Remains. Froc. Acad 

V, 1850-51, pp. 825-30. 

13. Description of a new Species of Crocodile from the Miocene of 
Virginia. Jour. Acad.* II, 1850-54. pp. 185-38. 

14. On the Osteology of the Head of Hippopotamus and a Descrip- 
tion of the Osteological Characters of a new Genus of Hlppopot- 
amida*. Jour. Acad. II, 1850-54, pp. 207-24. 

15. On Bathygnathus borealis, an Extinct Saurian of the New Red 
Sandstone of Prince Edward Island. Jour. Acad. II, 1850-54, pp. 
827-80. 

16. On some Fragments of PahBotherium proutii. Proc. Acad. 1851, 
pp. 170-71. 

17. Report upon some Fossil Mammalia and Chelonia from Xebraska. 

Smith. Rept., 1852, pp. 68-65. 

18. Remarks on a Fossil Vertebra from Ouachita, La. Proc. Acad. 

1852, p. 52. 

19. On the Osteology of Hippopotamus. Proc. Acad. 1852, pp. 52-5o. 

20. On Fossil Tortoises from Nebraska. Proc. Acad. 1852, p. 59. 

21. On two Crania of Extinct Species of Ox. Proc. Acad. 1852, p. 71. 

22. Ileference to a Fossil Tooth of a Tapir. Proc. Aca<l. 1852, p. 106. 
28. Remarks on the Fossil Ox. Proc. Acad. 1^52, p. 117. 

24. Remarks on some Fossil Teeth of a Rhinoceros from Nebraska. 

Proc. Acad. 1852, p. 2. 

25. On a Fossil Turtle from Nebraska. Proc. Acad. 1852, p. 34. 

26. On a new Species of Fossil Delphinus and a New Saurian^ 
Thoracosaurus grandis. Proc. Acad. VI, 1852-58, p. :V). 

27. Ursus amplidens, a new Fossil Species. Proc. Acad. VI, 18o*i-V}. 
p. 808. 

28. On some Fossil Cetacean Remains. Proc. Acad. VI, 1852-5^^, pp. 
877-78. 

29. Description of the Remains of Extinct Mammalia and CheloDia 

from Nebraska Territory, collected during the Geoiogical Sur>'ey 
under the direction of Dr. David Dale Owen. Rept. of Geol. Sur. 
of Wis., la., and Minn., D. D. Owen, 1852, pp. 540-72. 

80. Description of an Extinct Species of American Lion, Felis atrov. 
Am. Phil. Soc. Trans. X, 1858, pp. 819-22. 

81. A Memoir on the Extinct Dicotylida' of America, 1852. Am. Phil. 

Soc. Trans. X, 1853, pp. 828-44. 
32. Memoir on the Extinct Species of American Ox, 1S52. Smith. 

Cont. V, 1858. 
88. Remarks on various Fossil Teeth. Proc. Acad. 1858, p. 214. 

84. On some Fossil Fragments from Natchez, Miss. Proc. Acati., 

1853, p. 808. 

85. Remarks (m a Collection of Fossil Mammalia and Chelonia from 
the Mauvaises Terres of Nebraska. Proc. Acad., 1H58, pp. 892 W- 
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36. The Ancient Fauna of Nebraska; or a Description of Remains of 
Extinct Mammalia and Chelonia from the Mauvaises Terres of 
Nebraska, 1852. Smith. Cont. VI, 1854, 392-94. 

87. On Brimosaurus grandis, n. g. Proc. Acad. VII, 1854, p. 72. 

88. On Bison latifrons. Proc. Acad. VII, 1854, p. 89. 

89. On Dinictis felina. Proc. Acad. 1854, p. 127. 

40. Hippodon and Merycodus, new fossil genera indicated. Proc. 
Acad; VII, 1854-55, p. 90. 

41. Synopsis of Extinct Mammalia, the Remains of which, have been 
discovered in tlie Eocene formations of Nebraska. Proc. Acad. 
VII, 1854-55, pp. 156-58. 

42. Description of a Fossil apparently indicating an Extinct Species 
of the Camel tribe. Proc. Acad. VII, 1854-55, pp. 172-78. 

48. Notice of some Fossil Bones, discovered by Mr. Francis A. Lincke, 
in the banks of the Ohio river, Indiana. Proc. Acad. VII, 1854- 
55, pp. 199-201. 

44. Remarks on the question of the Identity of Bootherium cavifrons 
with Ovibos moschatus or O. maximus. Proc. Acad. VII, 1854-55, 
pp. 209-10. 

45. Indications of twelve Species of Fossil Fishes from New Jersey 
and S. Carolina. Proc. Acad. VII, 1854-55, pp. 3$>5-97. 

46. Indications of five Species, with two new Genera, of Extinct Fishes. 

Proc. Acad. VII, 1854-55, p. 414. 

47. A Memoir on the Extinct Sloth Tribe of North America, 1853 
Smith. Cont. VII, 1855. 

48. On a so-called Fossil Man. Proc. Acad. 1855, p. 340. 

49. Description of some Remains of Fishes from the Carboniferous 
and Devonian Formations of the United States. Jour. Acad. Ill, 
1855-58, pp. 159-62. 

50. Descriptions of some Remains of Extinct Mammalia. Jour. Acad 
III, 1855-58, pp. 166-71. 

51. Descriptions of Two Ichthyodurulites. Proc. Acad. VIII, 1856, 

pp. 11-12. 

52. Notices of some Remains of Extinct Mammalia, discovered by Dr. 
F. V. Hayden in the Bad Lands of Nebraska. Proc. Acad. VIII, 
1856, pp. 59-60. 

53. Notices of Remains of Extinct Reptiles and Fishes, discovered by 
Dr. F. V. Hayden, in the Bad Lands of Judith liver, Nebraska 
Territory. Proc. Acad. VIII, 1856, pp. 72-75. 

o3a. Id, Am. J. Sci. XXI, 1856, pp. 422-23. 

54. Notices of Remains of Extinct Mammalia, discovered by Dr. F. 
V. Hayden in Nebraska Territory. Proc. Acad. VIII, 1856, pp. 
88-90. 

55. Notices of the Remains of a Species of Seal, from the Post- 

Pliocene Deposit of the Ottawa river. Proc. Acad. VIII, 1856, 
pp. 90-91. 

56. Notices of several Genera of Extinct Mammalia, previously less 
perfectly characterized. Proc. Acad. VIII, 1856, pp. 91-92. 
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57. Notices of some lleniains of Extinct Vertebrated Animals. Proc. 
Acad. VIII, 1856, pp. 162-65. 

58. Notices of some Hemains of Extinct Vertebrated Animals col- 
lected by Prof. Cook. Proc. Acad. VIII, 1856, pp. 220-21. 

59. Notices of some Remains of Extinct Vertebrated Animals, discov- 
ered by Prof. E. Emmons. Proc. Acad. VIII, 1856, pp. 255-56. 

59a. Id, Am. J. Sci. XXIII, 1857, pp. 271-72. 

60. Notices of some Remains of Fishes, discovered liy Dr. John E. 
Evans. Proc. Acad. VIII, 1856, pp. 256-57. 

61. Notices of Remains of Two Species of Seals. Proc. Acad. VIII, 
1856, 265. 

62. Remarks on certain Extinct Species of Fishes. Proc. Acad. VIII, 

1856, pp. 801-2. 
08. Notices of liemains of Extinct Turtles of New Jersey, collected 
l)y Prof. Cook. Pro(^ Acad. VIII, 1856, pp. 808-4. 

64. Notices of Extinct Vertebrata, discovered by Dr. F. V. Ilaydeii, 
during the expedition to the Sioux country. Proc. Acad. VIII, 
1856, pp. 311-12. 

65. List of Extinct Vertebrata, the remains of which have been dis- 
covered in the region of the Missouri river; with remarks on their 
geological age. Proc. Acad. IX, 1857, pp. 89-91. 

66. Notices of some Remains of Extinct Fishes, Proc. Acad. IX, 1857, 
pp. 167-68. 

67. On New Red Sandstone Fossils from the Gwynnedd Tunnel N. P. 
R. R. Proc. Acad., 1857, p. 150. 

68. Rectification of the References of the Extinct Mammalian Genera 

of Nebraska. Proc. Acad. 1867, pp. 175-76. 

69. On the Dentition of Mososaurus. Proc. Acad. 1857, p. 176. 

70. Notices of Remains of Extinct Vertebrata, from the Valley of the 

Niobrara river, collected during the exploring expedition of 1857, 
by Dr. P. V. Hayden. Proc. Acad. X, 1858, pp. 20-29. 

71. Remarks on Fossil Mammalia from Nebraska. Proc. Acad. 1858, p. 7. 

72. Notice of Remains of Extinct Vertebrata from the Valley of the 
Niobrara river. Proc. Acad. 1858, p. 11. 

78. Remarks on a Cast of a Mastodon Tooth. Proc. Acad. 1858, 
p. 12. 

74. Remarks on Fossil Remains from Nebraska. Proc. Acad. 1858* 

pp. 89-90. 

75. Remarks on Hadrosaurus foulkii. Proc. Acad. 1858, pp. 215-18. 

76. On Hystracanthus arcuatus and Cladodus occidentalis. Proc. 

Acad. 1859, p. 8. 

77. Remarks on Tootli of Mastodon and Bones of Mosasaurus. Proc. 

Acad. 1859, pp. 91-92. 

78. Remarks on Teeth of Ciepsysaurus, Eurydorus serridens and Coni- 
sosaurus from Phtt'nixvillo Tunnel, Chester Co., Pa. l^roc. Acad. 
1859, p. 110. 

79. Remarks on Fossils from Bethany, Va., and also from the Green- 
sand of Monmouth Co., N. J. Proc. Acad. 1859, p. 110. 
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80. Remarks on Ossite from Sombrero, W. I., aud on skull of Ursus 
americanus from the drift of Claiborne, Ala. Proc. Acad. 1859, 
p. 111. 

81. Remarks on Fragment of Jaw of MosasauruA. Proc. Aca<l. 1859, 
p. 150. 

82. On Specimens of Paheotrochus from sub-Silurian Strata. Proc. 
Acad. 1859, p. 150. 

83. Remarks on Dromatherium sylvestre and other Fossils from 

Chatham Co., N. C. Proc. Acad, 1859. p. 162. 

84. Remarks on the Antler of the Reindeer fouud at Sing Sing and 

Remarks on Freija americaua from Newport. Proc. Acad. 1859, 
p. 194. 

85. Description of the Remains of Fishes from the Carboniferous 
limestone of Illinois and Missouri, 1856. Trans. Amer. Phil. Soc. 
XI, 1860, pp. 88-87. 

86. Remarks on Saurocephalus and its allies, 1856. Trans. Amer. 

Phil. Soc. XI, 1860, pp. 91-95. 

87. Observations on the Extinct Peccary of North America; being a 
sequel to "A Memoir on the Extinct Dicotylinae of America,'* 
1856. Trans. Am. Phil. Soc. XI, 1860, pp. 97-105. 

88. Remarks on the Structure of the Feet of Megalonyx, 1856. Trans 
Am. Phil. Soc. XI, 1860, pp. 107-108. 

89. Extinct V>rtebr&ta from the Judith River aud Great Lignite 
Formations of Nebraska. Trans. Am. Phil. Soc. XI, I860, pp. 
139-154. 

90. Remarks on Fossil Teeth of Hippotherium from Washington C0.9 
Texas. Proc. Acad., 18<>0, p. 416. 

91. Remarks on an Extinct Peccary from Or. I). D. Owen. Proc. 
AcatU 1860, 416. 

92. Cretaceous Reptiles of the United States, 18(U. Smith. Rept. 
1864, pp. 66-73. 

92a. Id, Smith. Cont. XIV, 1865 (Art. 6). 

92b. Id, Geological Magazine, V, 1868, pp. 432-35. 

93. Fossil liemains of Horses from California. Proc. Acad. 1865, p. 94. 

94. Fossil Remains of Rhinoceros from Texas an<l California. Proc. 
Acad. 1865, pp. 176-77. 

95. On Bones and Stone Implements from Guano deposits in the 
Island of Orchilla. Proc. Acad. 1865, pp. 181-83. 

96. Remarks on a Phalynx of an Extinci Reptile. Proc. Acad. 1866, 
p. 9. 

97. Remarks on Human Itelics at Petite Anse, La. Proc. Aca<l. 1S66, 
p. 109. 

98. Remarks on Fossils presented June 5. Proc. Acad. 1866, p. 237. 

99. On Fossil Bones from Mauvaises Terres, Nebraska. Proc. Acad. 

1866, p. 345. 

100. Remarks on the Skull of Bison latifrons. Proc, Acad. 1867, p. 85^ 

101. Exhibition of the skull of Geomys bursarius. Proc. Acad. 1867^ 
p. 97. 
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102. On the skull of (^astoroides ohioeiisis. Proc. Acad. 1867, p. 1)7. 

103. Notices of some Vertebrate Hemains from Hardin Co., Texas. 

Proc. Acad. 1868, pp. 175-76. 

104. Indication of an Elotherium in California. Proc. Acad. 1868, p. 

105. Notices of some Reptilian Remains from Nevada. Proc. Acad. 
1868, 178-80. 

106. Notices of some Vertebrate Remains from the West Indian Islands. 
Proc. Acad. 1868, pp. 178-80. 

107. Notices of some Remains of Horses. Proc. Acad. 18(J8, p. 195. 

108. Notices of some Extinct Cetaceans. Proc. Acad. 1868, pp. 197-99. 

109. Remarlcs on a Jaw Fragment of Megalosaurus. Proc. Acad. 1868» 
pp. 197-99. 

110. Notices of American Si>€cie8 of Ptychodus. Proc. Acad. 1868, pp. 
205-6. 

111. Notices of some Remains of Extinct Pachyderms: Dicotyles 
nasutus, Anchippus texanus, Anchippodus riparius, Lophiodon 
occidentalis. Proc. Acad. 1868, pp. 815-16. 

112. Notices of some Remains of Extinct Insectivora from Dakota. 
Proc. Acad. 1868, pp. 315-16. 

113. On Photograph of Fossil Bones from Topeka, Kas. Proc. Acad. 

1868, p. 315. 

114. On the Extinct Mammalia from Dakota and Nebraska, including 
an account of some allied forms from other localities. Jour* 
Acad. VII, 1869, pp. 23-362. 

115. Synopsis of Extinct 3fammalia of North America. Jour. Acad. 
VII, 1869 pp. 363.472. 

116. Notices of some Extinct Vertebrates from Wyoming and Dakota- 

Proc. Acad. 1809, pp. 63-67. 

117. Elasmosaurus platyurus. Cope. Am. J. Sci. XLIX, 1870, p. 392. 

118. Fossil Sivatherium from Colorado Megacerops coloradensis. 
Proc. Acad. 1870, pp. 1-13. 

110. Remarks on Poicilopleuron valens, Baptemys wyomingensis, Emys 
stevensonianus and other Fossils from the Middle Park, Colorado. 
Proc. Acad. 1870, pp. 3-5. 

120. On Reiitilian Remains from the Cretaceous formation near Fort 
Wallace, Kansas. Proc. Acad. 1870, pp. 9-10. 

121. On a Fossil Mandible from near Fort Bridger, Wyoming. Proc. 
Acad. 1870, pp. 10-11. 

122. Remarks on Xiphactinus audax and other Ichthyodoruiites. Proc. 

Acad. 1870, pp. 12-13. 

123. Remarks on Asteracantlius siderius. Proc. Acad. 1870, p. 13. 

124. On Hadrosaurus and its allies. Proc. Acad. 1870, pp. 67-68. 

125. Descriptions of Oncobatis pentagonus and Mylocyprinus rolmstus. 
Proc. Acad. 1870, pp. 69-71. 

. 126. On Mastodon Remains of the Warren 3Iuseum and the Cambridge 
University Museum. Proc. Acad. 1870, pp. 96-99. 
127. On Crocodilus elliotti. Proc. Acad. 1870, pp. 100, 122. 
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128. On some Fossils from the Sweet Water river, Wyoming Territory. 
Proc. Acad. 1870, pp. 109-110. 

129. Description of a new Species of Oreodon: O. superbus. Proc. 
Acad. 1870, pp. 111-112, 

130. On Anchitherium con don! and Cordylophora americana. Proc. 
Acad. 1870, pp. 113-113. 

131. Descriptions of Pahposyops paludosus, Microsus cuspidatus and 
Notharctus tenebrosnH. Proc. Acad. 1870, pp. 113-114. 

132. Descriptions of Graphiodon vinerius, a fossil reptile. Proc. Acad. 
1870, p. 122. 

133. Reptilian Remains from Wyoming; Emys jeanesi, £. haydeni, 
Btena arenosa. Proc. Acad. 1870, pp. 123-2-i. 

134. Fossil Remains of a Laeertian, discovered near Granger: Saniwa 
ensidens Proc. Acad. 1870, pp. 124-2o. 

135. Fossil Fragment of the Lower Jaw of a small Pachyderm; 

Lophiotherium sylvaticum. Proc. Acad. 1870, p. 126. 

136. On the Humerus of a Sloth resembling Mylodon robustus and on 
Dromotherium sylvestre, Proc. Acad. 1870, pp. 8-9. 

187. On Specimens of Vertebral Bodies from the New Jersey Green- 
Sand. Proc. Acad. 1870, p. 10. 

138. On Ichthyodorulites. Proc. Acad. 1870, pp. 12-13. 

139. On Fossil Remains from Illinois. Proc. Acad. 1870, p. 13. 

140. On Discosaurus and its allies. Proc. Acad, 1870. pp. 18-22. 

141. On Fossil Bones from Dalcotaand Nebraska. Proc. Acad. 1870, pp. 
65-66. 

142. On Fossil Remains from Idaho, Utah and Oregon. Proc. Acad. 
1870, pp. 67-8. 

143. On Fossils from the vicinity of Burlington, Kas., and from the 
Rocky Mts. Proc. Acad. 1870, p. 69. 

144. On the Relations of European and American fauna. Proc. Acad. 
1870, pp. 72-73. 

145. On a Jaw Fragment of Ovibos cavifrons. Proc. Acad. 1870, p. 73. 

146. Nothosaurops occiduus. Proc. Acad. 1870, p. 74. 

147. On Mastodon Remains. Proc. Acad. 1870, pp. 96-99. 

148. On Fossil Remains in the Museum of Amherst College. Proc. 
Acad. 1870, p. 98. 

149. On Fossils from Bridge creek, Oregon. Proc. Acad. 1870, pp. 
111-113. 

150. On Cordylophora. Proc. Acad. 1870, p. 113. 

151. On Fossils from Church Buttes, Wyoming Territory. Proc. Acad. 
1870, pp. 113-114. 

152. On Fossils found under Table Mt. Cal. Proc. Acad. 1870, pp. 
125-26. 

158. On some Extinct Turtles from Wyoming Territory. Proc Acad. 
1870, pp. 102- 103. 

154. Remains of Extinct Mammals from Wyoming. Proc. Acad. 1871, 
pp. 113-14. 

155. Remains of Palieosyops f rom Fort Bridger. Proc. Acad. 1871, p. 118. 
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156. Remarks on a Fofwil Testudo from Wyoming. Proc. Acad. 1871. 
p. 154. 

157. Remarks on Supposed Fossil Turtle Eggs. Proc. Aca<l. 1871, pp- 

154-55. 

158. Fossils from Wyoming. Proc. Acad. 1871, p. 107. 

159. Remarks on Fossil Vertebrates from Wyoming. Proc. Ac-ad. 18T1, 

pp. 228-29. 
1«0. Notice of some Extinct Rodents from Wyoming, and description 

of Mysops minimus. Proc. Acad. 1871, pp. 21^32. 
101. Remarks on Fossils from Oregon; Hadrohyus supremus, Rliinoce' 

ros pacificus Stylemys oregonensis. Proc. Acad. 1871, pi». ^7-4J*- 
162. On a small Collection of Fossils from California. Proc. Acad 

1871. p. 50. 

108. On Polydactylism in a Horse. Proc. Acad. 1871, p. 112. 

164. On Remains of Mastodon and Horse in North Carolina, Proc. 
Acad. 1871, p. 118. 

165. Remarks on Mastodon, etc., from California. Proc. Acad. 1^71, pp- 

198-99. 

160. Note on Anchitherium. Proc. Acad. 1871, p. 199. 

107. Remarks on Fossil Vertebrates from Wyoming. Proc. Acad. 15<71» 
pp. 228-9. 

108. On some new Species of Fossil Mammalia from Wyomini:: Pal- 
teosyops humills Uiutatheriumrobustum,IJintama8tixatrox. Am. 

J. Sci. IV, 1872, pp. 289-40. 
108a. Id. Proc. Acad. 1872, pp. 107-69. 

169. Remarks on Fossils from Wyoming. Proc. Acatl. 1872, pp. l^'-l- 

170. Remarks on some Extinct Mammals. Proc. Acad. 1872, pp. ^7*. 

171. Remarks on some E.xtinct Vertebrates: Felis augustus, Oligosima? 

grandaivus, Tylosteus omatus.* Proc. Acad. 1872, pp. 88-40. 

172. On a new genus of Extinct Turtles. Proc. Acad. 1872, p. 162. 
178. On some Remains of Cretaceous Fishes; Otodus divaricaius, 

O.vyrhina extenta, Acrodus humills, Pycnodus faba. Proc. Acad 

1872, pp. 102-64. 

174. Remarks on Fossil Mammals from Wyoming; I'inUtherinm 
robustum, Palwosyops major. Proc. Acad. 1872, pp. 240-42. 

175. Remarks on chipped stones from Wyoming. l*roc. Acad. 1?<72, pp. 
242-48. 

170. Remarks on Fossils from Wyoming; Pahvosyops junior, Vintacytw 
edax, U. vorax, Chameleo pristlnus. Proc. Acad. 1872, p. 277. 

177. Remarks on Mastodon from New Mexico. Proc. Acad. 1872, p. U2, 

178. Remarks on Fossil Shark Teeth. Proc. Acad. 1872, p. 166. 

179. (Contributions to the Extinct Fauna of the Western Territories. 
Rept. U. S. Geol. Sur. of Ter. (Hayden), I, 1878, pp. lAvS pis- 
I-XXXVII. 

180. Notice of Fossil Vertebrates from the Miocene of Virginia- 

Proc. Acad. 1878, p. 15. 

181. Notice of Remains of Fishes in the Bridger Tertiary formation of 
Wyoming. Proc. Acad. 1873, pp. 97-99. 
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182. I^marks on the Occurrence of an Extinct Hog in America* 

Proc. Acad. 1873, p. 307. 
188. liemarks on Extinct Mammals in California. Proc. Acad. 1873,. 

pp. 259-60. 

184. Remarks on Fossil Elephant Teeth. Proc. Acad. 1873, pp, 416-17. 

185. Notice of Remains of Titan otherium. Proc. Acad. 1874, pp. 

165-66. 

186. Remarks on Fossils presented. Proc. Acad. 1874, pp. 223-24. 

187. Description of Vertebrate liemains chiefly from the Phosphate 
Beds of South Carolina. Jour. Acad. VIII, 1874-81, pp. 200-61. 

188. liemarks on Bathygnathus borealis. Jour. Acad. VIII, 1874-81, 
pp. 449-51. 

189. Remarks on a Coal Fossil, etc. Proc. Acad. 1875, p. 120. 

190. Remarks on Elephant Remains. Proc. Acad. 1875, p. 121. 

191. On Petalodua. Proc. Acad. 1876, p. 9. 

192. Mastodon andium. Proc. Acad. 1876, p. 88. 

193. Remarks on Fossils from the Ashley Phosphate Beds. Proc. Acad. 

1876, pp. 80-81, 86-87. 

194. Fish Remains of the Mesozoic Red Shales. Proc. Acad. 1870, p. 81. 

195. Retnarks on Fossils from the Ashley Phosphate Beds. Proc. Acad. 

1876, pp. 86-87. 

196. Remarks on the Vertebrate fossils from the Phosphate Beds of S. 

Carolina. Proc. Acad. 1876, pp. 114-15. 

197. On Fossil Fishes. Proc. Acad. 1877, p. 294. 

198. Fossil Remains of a Caribou. Proc. Acad. 1879, pp. 32-33. 

199. Fossil Foot Tracks of the Anthracite Coal Measures. Proc. Acad. 

1879, pp. 164-65. 

«00. Bone Caves of Pennsylvania. Proc. Acad. 1880, pp. 346-49. 
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JEAN N. NICOLLET. 

N. H. WiNCHELL, Minneapolis.* 

Of that little coterie of earnest geologists, who in the fourth 
decade of the present century inaugunited the system of public 
surveys in the United States, and from whose occasional meet- 
ings together sprang the American Association for the Advance- 
ment of Science, and thence much of the popular interest in 
geology which characterizes the present decade, Jean N. Nicollet 
was one of the most learned and enthusiastic. In his intercourse 
with others, whether on the frontier among the rude settlei-s of 
the prairies, the officers of the frontier forts, or at the meetings 
of the Association of (reologists, his bearing was that of a cult- 
ured and modest scientist, and he won liis rapid recognition by 



*For authority for the historic statements of this sketch, the reader is 
referred to the lollowiug: Transactions of the Association of American 
(Geologists and Naturalists, 1840-42. Boston, 1843, pp. 32-34: Report in- 
tended to illustrate a map of the hydrogrflphical basin of the Upper 
Mississippi river made by J. N. Nicollet, while in employ under the 
bureau of Topographical Engineers, Feb. 16, 1841, Washington, 1843, 
fDoc. 237, 26th Cong. 2d Seas.]; Pacific R. R. Reports. Vol. xr, p. 41; 
Minnesota Historical Collections, 1850-56, Vol. i, p. 183; Ditto, Vol. vi, 
pp. 242-45, 1891; Am. Jour. Sci. (1), xlvii, 139, Sketch by Prof. H. D. 
Rogers. Of all these publications, that in the Vol. of the Mmnesota His- 
torical Society's publications, being a memoir of Nicollet by Gen. H. H. 
Sibley, is the most important, touching his personal history. Memoirs 
of my Life, by John Charles Fremont, Vol. i, pp. 30-72, contains some 
interesting details of Nicollet's plans and life at Washington. Compare 
also Wheeler's Geographical Survey west of the 100th Meridian, v ol. 
I, p. 548, Washington, 1889, and the Annual Report of the Smithsonian 
Institution, 1870, p. 194. The autograph seen under his portrait is taken 
from a letter dated St. Anthony Falls, Jan. 27, 1836, now in the possession 
of Dr. E. D. Neill, St. Paul, by whose courtesy it is used. 
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scientists in this country through -the courteous kindliness of his 
demeanor, no less than through the earnestness of his zeal. Al- 
though but about eleven years of his life were spent in the United 
States, coming to this country wholly unknown and without 
recommendations or introduction, he entered upon a career which 
soon conducted him into the favorable consideration of the high- 
est authorities of the Government at Washington, and when he 
died he was in the service of the Bureau of Toi>ographical En- 
gineers. • 

Born in France, whence also came Guyot, and Agassiz and 
Lesqucreux, a brilliant group whose illumination the nineteenth 
century- will alwaj's bear, he also brought to America and conse- 
crated to her service a ripe education and great skill in manipula- 
tion of scientific methods. He was born in 1790 at Cluses, in 
Savoy, between Geneva and Mont ]ilanc, and died Sept. 18, 
1843, probably at the house of Prof. Ducatel. in Baltimore, Md. 
In boyhood he was obliged, through the poverty of his parents, 
to earn some portion of his livelihood. The musical ability which 
he displaj'ed in later life, by which he enlivened the households 
of general Sible}' and of Indian agent Taliaferro, at Fort Snel- 
ling, seems to have marked out for him the most successful means 
of gaining such subsistence. With a flute or a violin, at the 
tender age of ten years, he plaj'ed at such public or private enter- 
tainments as needed his services. He subsequently was appren- 
ticed to a watch-maker, and remained with him until he was 
eighteen years of age. While carrying on this occupation at 
Chambry he prosecuted his studies in mathematics, in which he 
became so proficient that he was awarded a prize. Returning to 
Cluses he taught mathematics, and at the same time received les- 
sons in Latin and other languages. After tw^o years he repaired to 
Paris where he was admitted to the first class in L'Kcole Nor- 
male; and soon afterwards he was placed in charge of the mathe- 
matical course in the college of *' Louis le Grand." 

**It was in 1818 that Nicollet published his celebrated letter to 
M. Outrequin Banquier, on 'Assurances having for their basis 
the probable duration of human life. ' This little work gained 
for him a high reputation, affording to the Assurance Societies 
the prospect of establishing their regulations upon the more cer- 
tain basis of mathematical demonstration, and he soon found 
himself courted bj' financiers, while at the same time he was ad- 
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mitted into the higher circles of society. Shortly after he wrote 
for the ^Modern Encyclopedia' several articles on prohahiJities, 
and one upon assurances. It is stated that his knowledge of the 
English gave him a great advantage, in being able to consult 
writers in that language on the theory of assurances in applying 
it to every species of risks." 

In 1819 and 1820 he made observations upon the lunar spot 
Manilus, and united them with those of Bouvard in 1806, with a 
discussion of the whole, published in 1822 and 1823 in Connais- 
sances des Temps. On the 21st of January, 1821, he discovered, 
between six and seven in the evening, a comet in the constella- 
tion Pegasus, seen on the same day «tnd the same hour by Pons, 
of Marseilles. He subsequently computed its parabolic elements. 
In a later discover}" of another comet (April 22, 1830) he was 
preceded by M. Grambart, of Marseilles, who saw it on the 21st of 
the same month. We are also indebted to Nicollet for observa- 
tions and computations of other comets, among which may be 
mentioned that of 1823, whose elements he computed. He had 
already labored some time in the Observatory at Paris, when in 
1822, he entered the **Bureau des Longitudes"' as an adjunct. 
His position for the future was thus most honorably established. 
The publications of the Observatory will show the part he took 
in the observations. He participated in that great work, the de- 
termination of the figure of the earth, by comparing a measured 
terrestrial arc with the celestial arc corresponding to it. These 
labors were published in "Connaissances des Temps " for 1829. 
A memoir of his on a new computation of the latitudes of cer- 
tain places, to serve as a supplement to that great work, the 
^'Base du Systeme metrique, ' was published in 1828. 

Nicollet was honored by the decoration of the Legion of Honor, 
previous to 1825, and had also the appointment of professor to 
the Royal College of Louis Le Grand. Having also been ap- 
pointed one of the Inspectors of the Naval Schools, conjointly 
with MM. Reynaud and (lerand he published a course in mathe- 
matics in three volumes, for the use of candidates for promotion, 
the second volume, containing geometry and trigonometry, being 
edited solely by himself. 

In 1831 he determined the compai'ative magnetic intensit}' of 
Brest, with reference to that of Paris and Brussels, and the re- 
sults were inserted in the first volume of the Bulletins. Several 
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of his communications were inserted in the publications of the 
lloyal Academy of Science and Belles Ijettres of Brassels, of 
which he was made a corresponding meml)er. 

In conjunction with this course of scientific promotion Nicol- 
let's financial success had kept equal pace, and he had accamu- 
hited a considerable sum of money. New avenues of profit 
opened before him, and tempted by his uniform success, he 
launched boldly forth upon a sea of si>eculation, with firm confi- 
dence in his theory of probabilities. He failed, and with the 
disappearance of his own fortune the fortunes of others were 
involved. He was forced to seek refuge in the United States, his- 
former friends being found among his most bitter and implacable 
persecutors. 

He arrived in this country in 1SH2, apparently having lande<l 
at New Orleans. He was an entire stranger and with limited 
pecuniary means. In the progress of a systematic joumer 
through the states of the lower Mississippi valley, he made the 
acciuaintance of bishop Chanche, of Natchez, and a friendshij^ 
sprang up between them which continued till Nicollet's death. 
Through the agency of P. Chouttniu, Jr., & Co., of St. lioais, 
extensive Indian traders in the Northwest, bv whom Nicollet was 
entertiiined on the most conlial terms, and of major Taliaferro. 
Indian agent at Fort Suelling, the desire which Nicollet had ex- 
pressed of exploring thoi*oughly the upper waters of the Missis- 
sippi, and accurately mapping the same, was made known to the 
United States Government. In 1S:5:5 the War Department furn- 
ished him letters of protection and hospitality, addressed to the 
commanding otHcers and Indian agents of the frontier, and at 
the same time the loan of ceiljiiu instruments netHled bv him. 
Aside from th(»se inconsiderable aids, however, Nicollet entemi 
upon a great undertaking alone, and at his own expiMise and risk. 
He was evervwhere received with gix»at cordialitv. He hmi lK»en 
sch(K)le(l to the social observances which make (hiilv intenxmrse 
attractive. His mind wius of the higher onler. His mathemati- 
cal and musical abilities, his delicate physical frame, his unos- 
tentatious demeanor, his readiness to enter into social converse, 
and to impart information on topics which are the les» under- 
stood and but seldom discussed in the unsettled i*ommunitiw in 
which he now found himself, and his geneml scientific attain- 
ments, conspired to furnish him u passport into the lH»st circles. 



The late general H. II. Sibley, and Indian agent Taliaferro, tes- 
tify to the pleasure with which they received and entertaineci 
Nicollet during the winter months, at Mendota and Fort Snelling, 
when his active explorations were sus][)ended, and he was engageil 
in constructing his preliminary map. "In those days when the 
nearest settlement of whites was nearly three hundred miles dis- 
tant, the advent of a decent and intelligent visitor was hailed 
wnth delight." 

Until 1H;J8 Nioollet wjis thereafter engaged in mapping the 
region of the upper Mississippi. He was accompanied by ex- 
perienced (Canadian frontiersmen, selected usually by the fur 
companies, (Chouteau & (V)., of St. Louis.) and fre(iuently from 
their own men. He employee! for the first time in this region 
those methods and principles which have been the basis of all the 
more recent survevs. The vastness of the area which he covered 
silone rendered it necessary to depend on more inaccurate methods 
for filling in the details between the points astronomically deter- 
mined. AVheiwer Mr. Nicollet went, he was indefatigable in the 
use of the telescope for observing occultations and eclipses, and 
of the sextant, with which he was very skillful. With these, a 
pocket chronometer, artificial horizon of mercury and barometer, 
he obtained astronomic and topographic results, possessing re- 
markable accuracy for the means employed. Mr. Nicollet was 
the first explorer who made use of the barometer in obtaining the 
elevation of our great interior country alK)ve the sea. An ab- 
stract of the methods and principles by which he was governed is 
given in his report, and these have served as a guide to many sub- 
secpient observers. 

The pivliminary map which he thus constructed extended on 
the east from the longitude of Madison in Wisconsin to the one 
hundredth meridian, and from the northern international l)oundarv 
to the parallel of H8 degrees and 80 minutes, which is just below 
the mouth of the Missouri river. It embraced not alone the ac- 
curate location of rivers and lakes, and the representation of the 
principal toix)graphic elevations, but it showeil many details of 
historic discovery and geography, and facts respecting the loca- 
tion of the Indian trilK»s, and the aljoriginal names for streams 
and lakes. Nicollet familiarized himself with earlv discoverv, 
and particularly with the early French explorations, and it was 
one of his aims to rt^suscitate and reclaim for his countrvmen the 
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credit for what they had done, for at that time it had lapsed 
from common acknowledgement. This was freely communicated 
to bishop Chanche and to Chouteau & Co. , as well as others, and 
it doubtless served to enlist all French citizens heartil}^ in his aid. 
Col. Abert, chief of the engineer corps of the U. S. army, had 
kept himself acquainted with the progress of Nicollet's surveys^ 
although there is no evidence of any official communications be- 
tween them. Hon. J. R. Poinsett, of S. Carolina, at the head of 
the War Department, was also informed of his self-instituted and 
self-sacrificing lal>ors. At this time there was a general popular 
demand, for political reasons touching the controversj' with Great 
Britian concerning the Oregon boundary, for knowledge of the 
nature of the country westward from the upper waters of the 
Mississippi, and when Nicollet, in 1888, with broken health and 
exhausted means, repaired to Baltimore, where he again enjoyed 
the friendl}' hospitality of bishop Chanche, at St. Mary's Col- 
lege, and of Prof. Ducatel, he was swm officially called to Wash- 
ington by Mr. Poinsett for the inspection of his maps and jour- 
nals. Mr. Poinsett and Col. Abert were gentlemen of kindred 
spirits, and they appreciated and esteemed the character of 
Nicollet. They also saw at once the importance to the country of 
securing for the government the materials collected by Nicollet in 
his excursions. The result was that the chief of engineers was 
authorized to make arrangements with him for the transfer of his 
maps and journals to the government, and to secure his further 
services. Thus Mr. Nicollet found himself designated to under- 
tiike, the next season, under government employ, and with 
abundant means to carry out his projects, a final expedition U> 
the Northwest for the purpose of completing his map. To this 
expedition was attached Lieut. J. C. Fremont, chief assistant in 
topographic and astronomic work, Mr. Charles Geyer, botanist,. 
M. de Montmort, a French gentleman attached to the Legation at 
Washington, and Mr. Eugene Flandin, a young gentleman from 
New York. The eventful career of Fremont may l)e said to have 
commenced with this expedition, and Mr. Nicollet retained him as 
an assistant when afterwards he was engaged at Washington in 
reducing his astronomic observations and drafting His final map. 
Two years (1838 and 18H9) were given to field examinations 
under these auspices. The second season Mr, Nicollet had, on 
leaving Fort Pierre, in Dakota, a party of nineteen persons, in- 
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eluding Lieut. Fremont, Mt. Geyer, and Capt. Belligny, an officer 
of the French army who wished to see the Indian country, 
thirty-three horses and ten carts. The years 1840 and 1841 were 
spent at Washington, where Mr. Nicollet had r(x>ms for his work 
in the Coast Survey buildings on Capitol hill, and lived, with Fre- 
mont, in Mr. Hassler's own house near at hand. Gen. Fremont, 
in his -'Memoirs,'' giv^es many pleasant reminiscences of his work 
here with Nicollet, and of the associations which they had with 
Nicollet's pei-sonal friends in Baltimore, where Mr. Nicollet fre- 
quently retired for rest and recuperation — for his health was now 
seriously impaired, and he was able to make but slow head- 
way with his report. The map itself, executed under his immedi- 
ate eye, as the astronomical computations were made determining 
the chief points in his itinerary, was chiefly drawn by Fremont 
and Lieut. Scammon, l)oth of whom had been assigned to that 
work for the assistance of 3Ir. Nicollet. 

His official superiors were planning larger things for Mr. Nicol- 
let, while his more intimate friends saw with sadness the gradual 
but persistent decadence of his health. His map was completed 
in 1841, and submitted to Congress. The Senate ordered its pub- 
lication under the direction of the Topographical Bureau. It was 
to be accompanied by a report embracing an account of the phys- 
ical geography of the country represented, together with the most 
prominent features in the geology and mineral resources of other 
sections in the western part of the United States not eml)raced in 
the area of the map. Mr. Nicollet gave, in 1841, an account of 
his work, and of his plans, at the Philadelphia meeting of the 
Association of American Geologists and Naturalists, dwelling 
particularly on the geological discoveries he had made. He was 
now at work upon his report. He had the collalxjrative assist- 
ance of Dr. Harlan, Dr. Torrey (in Botany) and to some extent 
of Messrs. Conrad and Vanuxem of the New York Geological 
Survey, then recently instituted. But he was greatly delayed by 
ill health. The more extended explorations which were ]>eing 
planned for him had to be transferred to his principal aid, Lieut. Fre- 
mont, who, though then young, was ambitious, and withal certainly 
better qualified physically, for carrying out the designs of the 
Government in western exploration. Had Nicollet's health been 
equal to the Uusk it is likely that the great interior of the North 
American continent west of the Mississippi, would have been ex- 
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plored thix>ugli the leadership of a Frenchman, and tlie eclat of 
French spirit and enterprise which characterized t lie early explora- 
tion of that portion east of the Mississippi, would have l»een ex- 
tended unbroken to the Pacific shores. 

Mr. Nicollet, meantime, grew restless and repaired frequently 
to St. Mary's college, Baltimore. He was not in condition to re 
<luce to shape the materials for his report, which were varied and 
interesting, involving much information concerning the alK)rig- 
ines. Mr. Siblev savs that he knows that Mr. Nicollet con- 
templated. when his materials should be elaborated, a work of 
several volumes, relating to the geology, topography and geo- 
graphical position of what is now ^Finnesota, and discussing 
many interesting topics connected with the Indian tribes, and with 
the mound -buildei-s. The only publication which resulted fi*om 
this mass of material, was that small volume which was printed 
l)y order of the Senate, dated Feb. 16, 1841, descriptive of his 
map. and published in 184H. The short report which accom- 
panies the map was being printed. He was revising it, as it was 
returned to him for the puriK)se, but he never saw its completion 
in printed shape. He died in the fall of 1843, and the ^^Intro- 
duction" was left incomplete. Col. Abert, to whom the report is 
addressed, adds this explanator}' note, dated Sept. 18, 1843: 

Thus far Mr. Nicollet had written of his Introduction, when death put 
an end to his labors, and before he had been able to revise his report, 
which had been returned to him for that purpose, and also to add the 
astronomical observations upon which his calculations were founded. 
These observations form parts of his journals which are to be deposited 
in the Huieau of the Corps of Topographical Engineers. 

Lieut. AVarren speaks of having consulted these journals in 
1 857, when compiling a general map of the western territories 
for the Pacific Railroad surveys. He distinguishes the map of 
Nicollet, which is now a very nire and valuable document, as 
'•one of the greatest contributions ever made to American geog^ 
raphy. * 

Nicollet was rather an astronomer and geographer than a geolo- 
gist, yet he made (then) imi)ortant contributions to the small fund 
of geological knowledge which was possessed of the Northwest, 
and he laid out in the form of his general map, a basis for futun^s 
geological examination better than any enjoyed by the central and 
.southern states of the Mississippi basin. His map and short ex- 
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planatory report also serve as an invaluable perpetuating link, 
preserving with great accuracy, many aboriginal geographic de- 
tails and uniting early French exploration with recent known data 
through the agency of an appreciative and accomplished French 
scientist. 

When he last left the Northwest, after spending several weeks 
with general Siblej', at Mendota, he made his way, in the fall of 
1839, to Bedford, Pa., to the home of his friends, major and 
Mrs. Taliaferro, where he remained through the winter, and 
where he was so feeble that he had to be carefully nursed and 
treated with the best medical attendance. It was doubtless dur- 
ing this visit that was made the small ivory painting, which has 
furnished the basis for the portrait which accompanies this paper. 
Two photograph copies (vignette size) were presented to the Min- 
nesota Historical Society in 18(57, by Maj. Taliaferro, and are 
now preserved in its archives. Of one of these this portrait is 
an enlargement. The original has the following inscription on 
the reverse side, in Maj. Taliaferro's own writing:* '' Photograph 
from painting on ivory of J. N. Nicollet, 1836. Photographed 
1867 and presented to. the Minn. Hist. 8oc. by Lawrence Talia- 
ferro, Aug., 1867, R. T. Gettys, Bedford, Pa." 

Of the last davs of Nicollet we know but little. There is no 

ft/ 

<loubt, however, from the statements of Gen. Sibley, and the 
facts recorded V)y Gen. Fremont, that his fine physical frame was 
over-taxed by the demands made upon it by the fiery spirit which 
animated it. and which drove him through the hardships and toils 
of his fix)ntier campaigns. The burden which was upon his mind, 
again, arising from the lofty ideal he had formed for the publica- 
tion of his scientific report to the Government, wore on him con- 
tinually, and as time passed, and his nervousness did not dimin- 
ish, )>ut rather increased, and the accomplishment of his purpose 
receded from him as the months wore away, he became irrita- 
ble and more and more prostrated. A)K)ut this time, also, ac- 
cor<ling to (Jen. Sibley, through the hostility which yet pursue<l 
him on the pail of some of his old associates in business afiTairs, 
he failed of election to memV)ership in the Academy of Sciences, 
at Paris, an honor which he coveted. He had the support of 

*Thi8 has been still further enlarged into a life-size oil painting, by 

Mr. B. S. Hayes, an artist of Minneapolis, and hangs in the ofiice of the 
writer. 
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LaPlace, but the opposition of Arago, who was characterized by 
LaPlace as the ''great elector of the Academy." This was a 
mortal blow and he faded away rapidly on learning of it, for he 
had been duly nominated by some of his scientific friends in 
Paris. 

1 fain would dwell on the beauties of such a character. It was 
an exotic plant, forcibly transferred from luxuriance to the com- 
parative desert and harshness of our northwestern frontier. It 
bloomed for a short time, disseminating unstintedly its fragrance 
on the surrounding atmosphere, but the colds and common blasts- 
of our unsuited social climate, though wholesome to the Ameri- 
can-bred spirit, werc unfit to nourish his delicate constitution, and 
he drooped, faded and disappeared, leaving to us a remembrance 
of a bright soul, a gleam of a pure character, — a wearied fire-fly 
struggling in the tempest, a rose that wasted its fragrance on the 
desert air. 



GENESIS OF IRON ORES BY ISOMORPHOUS AND 
PSEUDOMORPHOUS REPLACEMENT OF 

LIMESTONE, ETC. 

By J AXES P. KiMBAi.!., WaMhiiigtoii, D. ('. 
(Continued from the Amerimn Journal of Science, Vol. xiii, Sept , 1891.) 

Progressive studies of stratiform iron-ores throughout the 
geologic series of stratified rocks, have let! to a wide — almost uni- 
versal — acceptance of explanations of their development a» 
products of chemical transmutations, or epigenesis. So far as 
based on unquestionable chemical reactions, these explanations 
differ mainly as to their application to given occurrences of iron- 
ores. What may l)e termed the replacement theory, has been 
held during the last decade to have a wide application, especially 
on this continent, to iron-ores on horizons of originally ferrifer- 
ous limestone and other calcareous material. However, the appli- 
cation of this theory ma}' be restricted from considerations of 
synchronous, or immediately successive, accumulations of the 
two kinds of material — calcareous and ferriferous, it will ob- 
viously be much the wider if it ma>' be believed that replacing 
salts of iron are often from extraneous sources, and that the pro- 
cess of replacement or chemical interchange is thmugh circum- 
stances of atmospheric and topographic, jus well as stratigraphie 
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or lithologic, environment. This I have endeavored to show in a 
recent memoir. By way of continuation of that memoir 1 proceed 
to instance a number of examples illustrating the general points 
under discussion. 

/ Iron Ores of the Sub- carboniferous Limestone of eastern 

Kentucky. 

Pseudomorphous replacement of Sub-carboniferous limestone 
by reddish brown limonite was recognized by Shaler as the mode 
of occurrence and genesis of well-known developments in eastern 
Kentucky.* The source of iron salts is referred to overlying 
coal-measures, all more or less pyritous, and mainly consisting of 
siliceous sediments. Replacement has taken place unequally, 
apparently^ as circumstances of environment have varied. This 
has proceeded from without inward, that is, from alK)ve down- 
ward. Cross-fissures and anfractuosities throughout the mass 
attest contraction. The degree of chemical replacement of 
limestone is in measure of vertical sections of ore-deposits. 
These ojften rise above the general level of the top of the lime- 
stone, owing to comparatively even shrinkage or chemical erosion 
of the limestone through solvent infiltrations. 

Occasion will be taken to refer to similar occurrences in Ohio 
on the same horizon. 

//. Replacement of coral-rock {limestone), Cuba. 

In tracing the genesis of some very remarkable isolated bodies 
of mixed brown and red hematite (turgite) occurring on the south 
coast of the eastern peninsula of Cuba, I described them in the 
year 1884 as replacements of limestone in the form of elevated 
and disrupted coral-reef, or onl}- partially indurated coralline 
limestone.! The replaced masses of limestone still retain sur- 
faces characteristic of planes of fracture such as may be ob- 
served in costal cliffs of emerged coral-reef. Indistinct casts of 
corallum partially transformed into hematite are occasionally 
found, the cells being filled with chlorite. The condition of form, 
therefore, almost indispensable to proof of pseudomorphous re- 
placement, is not altogether wanting. 

Some idea of the importance of the scale on which replace- 
ment in this instance has been effected may be formed from the 
fact that the ore- bodies referred to supplied during the year 1890, 

♦Geol. 8urv. of Ky. 1876 [3] 16. 
•\Am, Jour, of Sc, xxviii (3), 1884, 416. 
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not less than" 362, 068 tons of inm-oro. the product of a single 
operation, that, namely, of the Juragua Iron Company. This 
product was over one-quarter of the total imiK)rts of iron-ores in 
the United States for the same period. 

The same examples of molecular replacement (m a grand or 
petrographic scale will serve to illustrate dependence of this mode 
of epigenesis on circumstances of environment. These are seen 
to have been particularly favorable, as was also the extreme 
pcu'osity or permeability of the original coralline material. Suffice 
it to mention (1) envelopment of masses of this material with 
})asic eruptive diorite, rich in iron silicates; and (2) climatic con- 
ditions specially conducive to secular weathering of superficial 

rocks. 

Some of the iron -ore bodies exhibit concentric structure, a re- 
sult of progressive weathering — the same as exfoliation on a 
smaller scale — easily mistaken for quaquaversal dips. Numerous 
shrinkage fnictures due to contraction incidental to alteration, as 
well as larger manifestations of mechanical fractui-e, are filled 
out with chloritic material from decay of the dioritic magma and 
detritus. Thus masses of iron-ore are reticulateil with bands of 
chlorite. 

Incidental to secular deca}' of the mantle of diorite enveloping 

masses of limestone, chemical interchange or double decomposi- 
tion w^as effected between fixed calcic carlwnate and dissolved iron- 
salts. Ferrous carlwnate, directly passing into ferric hydrate, 
was left behind, and lime salts were dissipated. The partial de- 
hydration of ferric hydrate into ferric oxide (turgite), the product 
of further alteration, may. as shown by Davies and Ro<iman, 
proceed from only slight elevation of temperature.* There is no 
evidence, however, that these ore-lK)dies have been deeply burieii. 
Indirect replacement in this instance has therefore been under 
exposure to an oxidizing atmosphere. 

The metasomatic development of the iron -ores at the base of 
the SieiTa Maestra dates from an era no more remote than the 
Cenozoic, when this coast range was added to the island of Cuba. 

///. Rvphiccwent of Carbon if erous and Silurum LhiirstoneSy 

(^olnrado. 
Mr. S. F. Emmons has shown extensive replacement of Lower 

(Carboniferous and Silurian limestones to have resulted in occur- 
*Jour, Chan, Soe. ir, iv,69. 
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rences of iron-ore, a mixture of hematite and magnetite, in Breece 
Hill, and of limonite as well as a more or less ferriferous gangue 
of epigenic silver ores at Leadville, Colorado. Here transmuta- 
tion has been effected between limestone or dolomitic material 
and iron sulphates through aqueous infiltrations from adjacent 
intrusive porphyry. In the decay of the porphyry is involved 
vitriolization of pyrite, contained in this rock up to four per cent. 
The process of deposition of silver-ores as well as of ferriferous 
material, as concluded by Emmons, '^was a metasomatic inter- 
change with the material in which they were deposited.'' That 
is, ' -the material of which they were composed was not a deposit 
in a pre-existing cavity in the rock" (limestone) but ^*the solu- 
tions which carried them gradually dissolved out the original 
rock material and left the ore or vein material in its place."* 

Occuri'ences of limonite near Hot Springs, Colorado, as de- 
scribed by Mr. C. M. R(>lker, also afford striking examples of 
replacement of limestone, t 

IV. Replacement of Upj)er Siluruin {Clinton) Limestones. 

Parts of thin fossiliferous limestones of the Clinton group of 
straUi are often replaced by red and brown ferric oxides from 
extraneous sources. Tn the Appalachians of southern Pennsyl- 
vania, for example, where I have long had opportunity^ of closel}' 
observing the mode of occurrence of these ores, especially in 
flanks of Tussey, Dunniugs and Will's mountains, fossil-ores, so- 
called, rarely oolitic, occupy the weathered zone of highly fos- 
siliferous beds of limestone intercalated with shales and sand- 
stones. This replacement has been wrought especially in steep 
dips by infiltrations from drainage of adjacent ferruginous strata, 
particularly of an inferior.series outcropping topographically higher 
in the flanks of these parallel wall-like ridges. At or near water 
level or drainage level, and in topographical positions unfavor- 
able to weathering action, or to sources of infiltrations, replace- 
ment has ]>een found to cease. Super- saturation as at water-level, 
and impenetration of solutions from topographical causes are 
equally unfavorable for this process. 

Tn portions of limestone V)eds bordering ravines down the 
mountain-side, dissolution of limestone sometimes has failed 
alK)ve immediate drainage level to be attended with replacement 

*l", S. Geol. Surv. xii, 1886, Ft. 2, 378, 540. 
tTrans. Am. Inst. Min. Eng., J 885, xrv, 260. 
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of ferric oxide. Yet in such circumstances the limestone has 
given way to the dissolving action of passing waters, leached 
insoluble residues retaining its original structure, as well as 
moulds of fossils, occupying its place along with creepings from 
adjacent strata. Here transmission of seepage water has proved 
too rapid for other than solvent or destructive action to have 1m»- 
come sensible. 

Another local circumstance is also deserving of mention. It 
is this. Opposed to a rapid transmission of infiltrations in water- 
sheds between successive cross- ravinas is a barrier known as Red 
Ridge. Constituted of a compact series of arenaceous argillite. 
this is locally developed at the top of the Surgent shales, and 
stratigraphically above, but topographically' in front of, the plane 
of the ore-limestone. Near where this barrier is scoreti by cross- 
ravines, underground as well as superficial drainage has become 
accelerated. Preservation of Red Ridge from local erosion has 
therefore come to be regarded in Bedford and Huntingdon coun- 
ties, Pennsylvania, as indispensable to a favorable development 
of the fossil-ore bed back of it, or to the absence of **wante.'* 
Of these the distribution and extent are thus mainlv determined 
by conditions of underground drainage as affected mostly bv 
topographical features. Gentle dips under steep slopes are for 
obvious reasons inconducive to infiltration. 

The above remarks directly appl}' to the more or less hy(lrou> 
fossil-ores of the Appalachian ridges in southern Pennsylvania, 
as distinguished from oolitic hematites, or dyestone ores, like- 
wise developed in favorable circumstances on lower horizons of 
thin crinoidal limestones within compass of the Clinton or Sur- 
gent formations. Both types of ores, and often l)Oth series of 
developments, are generally referred to indifferently as Clinton 
fossil-ores. The stratigraphical relations between these two series 
of developments, even where both may be recognized in a single 
ridge or section, are extremely variable. In southern Pennsyl- 
vania, where the Clinton shales attain a thickness of nearlv 1,200 
feet, the fossil-ore bed is about 400 feet alK)ve the horizon of the 
Frankstown oolitic or dyestone ore, which in turn is about 300 
feet above that of the block -ore, so-calleil. All of these ores owe 
their development, as I believe, exclusively to secular replace- 
ment of elevated parts of these limestones — not, as sometimes 
explained, to direct sedimentation in whole or in part. For 
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wherever oolitic iron-ores are developed within the Clinton series, 
they are found to graduate into non- ferriferous limestones, more 
or less crinoidal, and usually in circumstances only moderately 
favorable to weathering action. An equally significant fact is the 
absence of valuable iron-ores where the Clinton limestone, as in 
southern Ohio, is massive and unaccompanied by a considerable 
thickness of overlying shales. Wherever, on the other hand, the 
limestone occurs in numerous thin beds, and so alternates with 
more or less ferruginous shales; or again, wherever overtopped 
by shales, it seldom fails, especially in steep dips, to graduate 
unequally into oolitic hematite by replacement. Even in Ohio, 
where the Clinton group is represented by a single but compara- 
tively thick limestone member under gentle dips, the upper p<^)r- 
tion of the limestone is sometimes replaced by hematite,* though 
of no economic importance. Imperfect replacement likewise 
occurs where the limestone becomes shaly and expands in thick- 
ness. 

Non-ferriferous Clinton limestones, more or less magnesian, 
into which tlieir associated iron -ores graduate, may be assumed 
to have been deposited in clear and moderately deep continental 
seas. That these seas were ramified by all but insulated land- 
surfaces is indicated by the abundance of intercalated siliceous 
sediments from sub-aerial rock-decay. "It is sometimes held that 
these limestones, and at least the oolitic hematites developed upon 
the same horizons and passing into each other, were necessarily 
deposited together. Yet direct ferric precipitation from ex- 
tremely instable natural solutions of ferrous salts cannot well be 
believed to have taken place so far from inland sources as where 
conditions existed favorable to the accumulation of non-siliceous 
and expansive limestones. 

Again, notwithstanding the fact that the Clinton iron-ores merge 
into pure marine limestones, have they, on the other hand, sometimes 
been assumed to afford proof of wide-spread marshes. A theory of 
this kind, however, is likewise opposed by the necessity of at- 
tributing expansive limestones of the Clinton type to mid-sea, 
And inferentially deep-sea, deposition. And the objection still 
stands that ferric hydrate in suspension, no more than ferrous 
salts in solution, can' have materially contributed to marine non- 
siliceous limestones. The conclusion therefore seems justified 

*Geol. 8urv. of Ohio, vi, 13. 
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that whatever considerable proportion of ferriferous material was 
deposited within compass of the Clinton limestones, was alter- 
nately deposited in the form of siliceous sediments representcnl 
by intercalations of shale. Such intercalations are common in 
Pennsylvania and Virginia. A less theoretical objection rests on 
the fact that the distribution of the Clinton iron -ores clearl)' de- 
))ends on secondary, and whollj' adventitious, conditions connected 
with topography and environment.* 

The application to the Clinton iron-ores of the vievs discussed 
in the continued and present memoir, falls in with the conclusion 
of Mr. Aug. F. Foerste, published since the above was written, t 
Microscopic sections of Clinton, dyestone oolitic iron-ores from 
Pennsylvania, Georgia, and Ohio reveal, according to Mr. Foerste, 
all stages of replacement of calcic carbonate, both cement and 
oolitic granules, by ferric oxide, the granules being fragments of 
Clinton species of water-worn brvozoans. • 4n no case, however, 
was anything noticed leading to the opinion that concretionary 
segregation of iron had taken place either around the bryozoaii 
fragments or otherwise. Simple i*eplacement of iron-ore was 
the rule, the attack being made fii*st on the exterior parts of the 
grains." According to the same observer similar occurrences are 
found throughout the Clinton belt wherever oolitic iron-ores are 
<leveloped. 

V. Replacement of (■'arhoni/erous Limestones. 

Upon any theory of epigenesis of siderite, spha?rosiderite, and 
sideritic limestone, their greater distribution would seem to be 
natural under conditions for their preservation unaltered, such as 
may be recognized in environments where atmospheric air is dis- 
placed by mixtures of hydro-carbon gases and carln^nic anhydride, 
as in formations of the Ciirboniferous period. 

The so-called upper limestone-ore in eastern Kentucky, is. like 
the Sub-carbon if enius or lower limestone-ore of the same region, 
described by Shaler, a pnxbict of alteration of pseudomorphous 
siderite after limestone. This is a replacement of upper pails 
of the Ferriferous limestone dividing the Lower Coal Measures, 
and co-extensive with the same division of strata in western 
Pennsylvania, West Virginia, eastern Kentucky and southern 
Ohio, where although known under a common designation, it is 

♦See Cut. by W. M. Chauvenet, Report Tenth Census xv, 1886, 396. 
tAm. Jour, of Sc. xli, 181)1, 28. 
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also sometimes otherwise identifiefl. According to Orton, this is 
the Gray limestone of Newberry, the Putnam Hill limestone of 
Andrews, the Ferriferous limestone of the same author, and the 
Graj' and Hanging-Rock limestone of Orton. The iron^ore, with 
which parts of this limestone are replaced, l)oth in the form of 
siderite and of its altered product, is identified with the Clarion 
ore and Buhrstone ore of western Penns3'^lvania, the Baird ore of 
the Hocking Valley, the Limestone-ore of southern Ohio and the 
Upper limestone-ore of north-eastern Kentucky. Over 200 
blast-furnaces in these regiojis have drawn a supply of iron-ores 
from this particufcar horizon.* The average thickness of the re- 
placements in southern Ohio is, according to Orton, al)out 10 
inches, and further to the north about 8 inches, though said by 
Hunt to be often two or three times these averages, as in Vinton 
County, t 

Superior i>ortions of the Upper and Lower Free|)ort lime- 
stones of the Lower Coal Measures are likewise commonly re- 
placed with siderite. This passes by alteration into limonite, 
sometimes in the form of concretionary blocks or nodulas from 
exfoliation or weathering of prismatic blocks, sepaniteil by con- 
traction due to chemical transformation. Several horizons of 
sideritic limestone are identified in the same series in Pennsyl- 
vania, AVest Virginia and Maryland, more or less distinctly 
graduating into non-ferriferous limestone. Among similar occur- 
rences in the Lower Barren measures is the Johnstown siderite 
or ferix)-calcite, identified with the Mahoning sandstone group. 

Mr. Bayard T. Putnam, referring generally to the limonites of 
the Coal Measures of Pennsylvania, remarks that they occur 
along the outcrops of limestone-beds, and are in general simply 
the weathered outcrops of seams of carbonate-ore. { 

Al)ove the horizon of the Sub-carboniferous limestone in Ohio, . 
which has been shown to be replaced in part with siderite or its 
drivatives, that is, Ijetween this horizon and that of the Ferri- 
ferous limestone, several limestones of the Conglomerate series 
are likewise apt to be replaced with siderite in a more or less 
altered state. Such occurrences are notably the Zoar or Blue 

♦Orton, Rev. of Stratigraphical Geol. of eastern Ohio, Columbus^ 
1880 29 
tMin.Res. of the Hocking Valley, Boston, 1881, 44. 
JU. S. Census, 1886, xv. 202. 
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limestone of Newberrj', and the overlying Gore limestone of 
the Hocking Valley — both members of the Mercer group of 
strata. 

Manj' well known horizons of siderite in Pennsylvania and 
bordering States have been described by Stevenson. The Mount 
Savage ore-group of the Conglomerate series is worthy of men- 
tion.* One plate or more of siderite occurs in the Mauch Chunk 
red shale. In many places local lenticular stratiform plates of 
siderite extend for a few hundreds to a few thousands of feet 
with a thickness up to four feet. In the Vespertine of Green- 
brier Co. , of Virginia, an occurrence of this kind has been de- 
scribed by Rogers, and more recently by Mr. W. N. Page.t 
Comparatively thin, lenticular or stratiform developments of this 
description may be assumed to be complete replacements of non- 
persistent limestones of estuarine origin. 

Incomplete replacements of Carboniferous and Sub-carbon- 
iferous limestones of the Appalachians are, on the other hand, 
devoid of terminal edges, or other well defined demarcations such 
as appertain to lenticular beds conformable to the configuration 
of hydrographic basins. They are thus perceived to be wanting 
in characteristics of sedimentary or metamorphic deposits. 
This obviously would not be the case, if these developments were 
primarily due to mechanical or chemical deix)sition in the natural 
order of succession of l)eds by which they are enclosed. That 
they do not occupy pre-existing cavities produced by mechanical 
or chemical erosion is likewise certain from the fact that they 
sometimes merge into limestone. That they are not crystalline, 
or characterized by other phenomena of segregation, is conclu- 
sive negative evidence of some other origin. Thus, there seems 
to l>e no alternative but to consider these developments due to 
molecular replacement of limestone, of which mode of origin 
indeed there is no lack of positive and direct proof. Hence, in- 
ductively, again the conclusion that complete or strictly pseudo- 
morphous replacement of limestone has l)een wrought in the case 
of stratiform developments of siderite and its derivatives, the 
iron-ores still retaining perhaps physical features of the original 
limestone in common with stratified deposits. 



♦Second Geol. Survey of Penn. KK. 

tTrans. Am. Inst. Mm. Eng. 1888, Extract, p. 4. 
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VI. Limonites {and crystalline iron-ores) of the Lower JSihirian 

limestones. 

That epigenic relations of some sort subsistbetweeu the limou- 
ites and the Lower Silurian limestones with which they are asso- 
ciated throughout the Appalachian valleys, was distinctly pointed 
out by W. B. Rogers over half a century ago. Their relation 
with ferruginous shales and sandstones alternating with the lime- 
stones is almost equally intimate. Not only was the epigenic or 
rsecondary origin of these limonites recognized by Rogers, but 
.their mode of occurrence, that is — not as consecutive members of 
iormations between which they outcmp and often appear to be 
imbedded, but as irregular accumulations comparatively shallow or 
altogether superficial. Sometimes lining, so as to occupy, 
•enlarged fissures of stratification for a limited extent, they 
4ire still liable to be mistaken for regular or bedded depos- 
its. Others, occupying in like manner enlarged fissures of 
•cleavage or jointing in limestone, are sometimes assumed to be 
of the nature of segregations or mineral lodes. But their 
most common occurrence is in what is often described as super- 
ficial basins or other depressions on imperfectly^ drained sur- 
faces and slopes upon a limestone fioor, in proximity to lime 
:stone, or within compass of its extended lines. This superficial 
dissociation of limonite with the Silurian limestones themselves is 
isometimes considered to be simply owing to the cavernous condi- 
tion of limestone, and to its liability to unequal erosion ; whence 
the occurrence of local depressions, or sink-holes produced by 
subsidence, which .have eventually' l)ecome repositories of iron- 
ores from purely adventitious precipitation of ferric hydrate 
from passing waters. Pre-existing caves and crevices are like- 
wise assumed to be so filled out with this deposit, or even by 
mechanical accumulations or *4n- washes" of ferriferous material.* 

To the general, or even a wide, application of such a view to the 
•occurrence of important deposits of iron-ores serious objections 
are opposed. First, caves and cavities of this kind have been 
produced by solvent action of circulating water. Second, what- 
•ever insoluble products, including ferric hydrate, are separated 
from moving waters remain in suspension and finally escape. 
Third, pqssession of superficial depressions by detritus, calc- 
.schutt, etc., prevents them from becoming open receptacles of 

^New^berry; School of Mines Quarterly, Nov. 1880, Reprint p. 16. 
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unmixed ehemieiil precipitates. Displacement of detritus must 
therefore precede separate deposition of homogeneous material 
except by molecular replacement of limestone surfaces, calcar- 
eous detritus and calc-schutt. Physical displacement happens, if 
at all, by means of torrents, from which again no chemicHl 
deposition takes place except possibly by replacement, or at least 
only for a time. Tmix)rtant deposits of limouite free from de- 
trital admixture, even of cla}', ordinarily, at least preclude an 
explanation of their mechanical accumulation in pre-existinp 
cavities. 

Yet it is true that among the great variety of circumstances* of 
envircmment and topography in which development of limonite ha> 
taken place on horizons of Lower Silurian limestones, instance 
there are where caves, cavities and enlarged crevices, once chan- 
nels of rapid transmission of waters, have eventually been ob- 
structed by falls of rock or otherwise, and, so cut off from 
dminage, have finally become ([uiescent reservoirs of mineral 
waters. In this way vacant spaces in calcarei>u8 lieds may in 
some instances have become repositories of uninterrupted deposi- 
tion of ferric hydrate either by precipitation, or by indirect re- 
placement of limestone surfaces or calcariM)us C()nt4»nts. Limon- 
ite as sometimes occurring, and bearing evidence of having 
probably ])een formed in this way, has proved not uncommonly 
more enduring than the limestone it**eif, the d(»structive e^o^ioa 
of which it has survived in the form of outlj'ing masses. 

Ordinary accumulations of limonite thrown down in caverns, 
sink-holes and otiier depressions along with detritus, within the 
limestone ore-])elt of Pennsylvania, have been well characteri7.e<i 
bv Mr. d'lnvilliers.* Some of the obstacles in the wav of a Ih»- 
lief that pre-existing cavities often atfoni lodgement to import- 
ant ore-deposits have been aptly stated by Knimons. t 

Unaltered sidente in irregular shaped ma-sses, sometimes ck*- 
cui-s in the niidsl of limonite in ore-banks \\\)0\\ horizons of the 
Lower Silurian limestont^s jvs in (\)lumbia and Dutchess counties. 
N. Y. ; at Richmond and West Stockbridge, Mass., and at a few 
points in IVnnsylvania and ^'irginia. These 6ccurn*nce8 af- 
ford whatever grounds be found for a theor)' of original 
deposition of concentrated ferrous carl)onate, in term it-tent, that 

♦Second Geol. Surv. of Penn. An. Rep. 18H0, iv, p. 41K. 
tTrans. Am. Inst. Min. Kng., 1880, Ex. p. 5. 
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is, and even concurrent with sedimentation of the material of 
these massive limestone formations. Any change of sedimenta- 
tion, such as contemplated in this theory, even if chemically 
supposable, would have resulted in lenticular configuration of 
siderite, or of its derivatives, a feature as above pointed out, 
probably possessed by siderite only in the case of complete or 
pseudomorphous replacements of lenses of limestone. 

I have, in a previous paper, described lenticular occurrences of 
siderite at Burden, Columbia count)', N. Y. , on the horizon of a 
thin non-persistent and probably estuarine Lower Silurian lime- 
stone. * Whatever theory be entertained of their epigenesis, this 
must be perceived to be closely connected with overlying clastic 
ferruginous accumulations, the whole series occupying in-shore 
depressions in an undulating bottom overspread with calcareous 
material. In the paper referred to, these basin-like deposits, 
which in point of identification with Silurian members, are, I be- 
lieve, so far as known without parallel in this countr}', were sub- 
stantially explained as probably instances of phf/atcal replace- 
ment of limestone by ferriferous accumulations, graduating up- 
wards into ferro-calcareous grits. The transgressive character of 
these grits appears from the fact that their development is limited 
to the basins themselves. Their thickness in any given vertical 
section is proportional to the thickness of the ore. The grits as 
well as the siderite are distinctly lenticular. The siderite was 
considered as a metamorphic product from reduction of ferric 
hydrate in reaction with commingled organic matter. 

Having since come to the conclusion, through a critical exami- 
nation, in another place followed out, of the several theories of 
epigenesis of siderite to be found in treatises and text-books, that 
all are at variance with chemical observations, or opposed by objec- 
tions on physiographic grounds, T am now forced to believe that 
these interesting occurrences require a different explanation. They 
seem, indeed, to present no exception to the explanation of epi- 
genesis of siderite by chemical replacement of alkaline mono- 
carl)onates, but on the contrary to aflford striking examples 
of complete or pseudomorphous replacement of limestone 
beds. 

Indirect replacement of limestone (II) b}* limonite at the Hurst 
ore-bank, Wythe Co. , Va. , has been graphically described by 

♦Am. Jour, of Sc. xl, 1890, 155. 
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Mr. Benton.* A useful section of six feet by this observer shows- 
beneath the soil (1) limestone, with crevices filled with limonite; 
(2) limestone softened and decomposed, with crevices containing: 
more limonite than No. 1 ; (3) meshwork of limonite almost com- 
pletely replacing the limestone, and including residual ochre and 
fine sand; (4) complete replacement of limestone by honeycomb- 
ore. Reticulation of limestone by limonite is seen to be pro- 
gressive downwards until no remnants of limestone are left except 
in the form of insoluble residues occupying druses. These afford 
some measure of the contraction incidental to replacement. 

Another striking example of the same kind given by Prof. 
Dana, has l)een referred to in the memoir, of which the present 
pages are by way of continuation, namely, in the Cone ore-bank 
at West Stockbridge, Mass.t Its description by this observer is 
fts follows: 

•'Several layers liad become wholly replaced by pure limonite, 
and one of these so changed was a yard thick. Some surfaces 
of the limestone were intersected by cracks, making areas three 
to six inches across, as represented in the figure; each crack hav- 
ing H Ixjrtler of limonite either side, an inch or so wide."* 

The same authority is cited by Mr. Prime for direct replace- 
ment of limestone b^' siderite ultimately weathered to limonite, 
namely, at Richmond, Mass. \ This occurrence, like others ob- 
served by Prime at Balliet's ore-bank near Allentown, Pa. , and in 
another ore-bank near Hellertown, both in close relation to the 
Caleiferous limestone and schists, is, as concluded by him, an in- 
stance of ''alteration of the limestone to carlK>nate of iron parti- 
cle by particle, or so to term it, a pseudomorph by replacement.'* 
The same writer attributes the limouites of the Caleiferous lime- 
stone and schists in a general way, to alteration of ferrous car- 
bonate produced by reaction of ferrous sulphate with calcic car- 
bonate, both diffused and massive. 

Remnants of notably pyritous material have been observed in 
many of the limonite workings of the Green mountain belt of 
Lower Silurian limestones and their southern extension, especially 

*Hep. Tenth Census xv, 1886, 275. 

tSee Am. Jour, of So. xlft, 1891, p. 234. 

JAm. Jour, of Sc. xiv, 1877, 136. Several excellent cuts illustrating- 
the transition of limestone into Iron-ores have been given by Mr. 
Chauvenet, Rep. Tenth Census xv, 1886, 292, 296, 297, 299. 

§Am. Jour. Sc. ix, 1875, 140. 
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in intercalated or adjacent schists. Numerous analyses by the 
Second Geological Survey of Pennsylvania indicate tlie presence 
of sulphur in almost all of the ores of the same belt in that 
State. The dissemination of visible pyrite throughout unde- 
oomposed parts of both limestone and schists is also noteworthy. 
This seems to be in about the same minute proportion that fer< 
rous carbonate is often similarly represented. The epigenesis of 
the latter is probably from pyrite. But hitherto the most remark- 
able evidence of pyritoua material in the development of limon- 
ites associated ivith the same limestone series has been found in 
Alabama. In that region concentrically weathered or foliated 
masses of limonite isolated on the hill-tops by erosion of enclos- 
ing clay, the residuum of decomposed schists, sometimes retain 
nuclei or cores of undecomposed and highly pyritous rock. Cen- 
tral portions of other masses of limonite consist of siderite. 
Hence the not uncommon occurrence in limonite workings in 
limestone of ribs, masses and nuclei of siderite, feiTo-calcite or 
limestone, from incomplete replacement, or incomplete subsequent 
alteration. Hence also similar occurrences of pyritous residunms 
in limonite developments in adjacent or transition schists. 

In given instances, be the mode of replacement of limestone 
by ferrous carbonate what it may, whether from styptic or chaly- 
bic solutions, or whether originally or eventually introduced into 
Si luro- Cambrian limestones, in the lower member of which series 
(Calciferous) limonites have been so extensively brought to light 
in Appalachian valleys, there seems much reason to conclude, 
as sometimes held, that in the course of chemical erosion of the 
limestone and of decay of related schists, very considerable 
accumulations of residual limonite have resulted from alteration 
of diffused ferrous carbonate or pyrite, not exceeding two and one- 
half per cent., to stable ferric hydrate. Parts of the same 
series exposed to weathering or erosive action, and commonly 
below the full thickness, seem, in certain instances at least, to 
bear some proportion to the thickness of related accumulations 
of limonite. That is, the vertical range of the residual limonite 
seems to be in proi)ortion to the thickness of limestone eroded, or 
rather to the measure of its shrinkage. Yet along with the es- 
cape of dissolved lime and magnenia salts in msasure of chemi- 
cal erosion, there is also dissipation of iron salts. 

According to Lesley, limonite or pipe-ore, so-ealletl, has a 
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atratigraphic range in Huntingdon County, Penns3'lvaniaj near 
AVarrior's Mark, of at least 1,250 feet. The whole thickness of 
the Calciferous — Chazv — Trenton series of limestones to the hot- 
torn of the Hudson River group, there attaining its maximum de- 
velopment in that State, is estimated by the same authorit}' at 
7,750 feet. A thicknt-sss of 6,000 feet of this series, as esti- 
mated by Prof. A. L. Ewint;. lias b:»cn removed from the Nit- 
tanv Vallev anticlin<>rium to form tiiat valley, or at least 1.000 
feet in vertical range, mainlv by chemical erosion.* 

Mcl^reath's analyses have shown ferrous carbonate up to 2.} per 
cent, to be widely distributed in Lower Silurian limestones. The 
question arises when this was introduced — whether before deposi- 
tion of succeiHiing schists or afterwards? 

That this anhydrous salt was not .directly deposited seems on 
chemical grounds almost certain. Is it then exclusively a product 
of rei)lacement of calcic carbonate through solutions of iron 
salts from extraneous sources, and introduced subsequently to 
envelopment with ferro-siliceous sediments? Or. is it, in part at 
least, the product, practically in l<ivo orlginaU, of reactions be- 
tween calcic carbonate in place nnd vitriolizing particles of pyrite, 
originally reduced from ferrous sulphate in sea- water through 
remnants of animal matter in accumulatinir c:ilcareous sands? 

The researclies of Dr. A. A. Julieu into variation of decom- 
position in tlie iron-[>yrites series, led him to the conclusion that 
the original condition of iron sulphides along the Appalachian 
belt was that of pyrrhotite. To whatever degree, in that case, 
this mineral may have survived sub-a!>rial roek-decay, and been 
accumulated along with Lower Silurian sediments, would it serve 
as an extremely productive source of iron salts, through decom- 
position by carbonated water.s, including alteration into marcasite 

and ])yrite. 

Even this initial transformation, as indicated by Bischof,t is 
attended by elimination of 25.54 ])er cent, of iron, and by con- 
traction of volume not less than 82 per cent, as estimated from 
relative densities. Hence promotion of permeability in the con- 
taining roek through di^velopni.Mit of cavities. From surplus 
iron extracted by carbonated waters is doubtless developed fer- 
rous carbonate, by reaction with calcic carbonate, or else ferric 



*See Geol. Surv., Pa. T,, pp. 42*2, 421, 4.U. 
tCavendish Edt. Ill, 4.').'). 
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hydrate — as determined b\' atmospheric environment. This re- 
action may be assumed to be common both to limestone and ad- 
jacent transition schists, and even less closely related siliceous 
schists. 

Iron sulphides, sometimes visible in sound Lower Silurian 
limestones, seem to be developed in about the same minute pro- 
portion that ferrous carbonate is often revealed by analysis. 
Limonite developed by epigenesis on horizons of these limestones 
and of adjacent schists commonly affords traces of sulphur, as 
pointed out by Mr. Prime. Much larger proportions of iron sul- 
phide are notably developed in the schists. 

It raav therefore be concluded that both immediate and ex- 
traneous sources have contributed to fixation of ferrous carbon- 
ate as now found in parts of these limestones and associated 
schists; and that iron was received by these sediments in a car- 
bonated atmosphere before or during their consol idation as well 
as afterwards. 

This conclusion seems to be in line with Dana's* numerous ol)- 
servations in western New England and eastern New York, as well 
as with those of the Second (leological Survey of Pennsylvania, 
and to fall in with certain general deductions of Mr. Primef and 
of Dr. Julien.t 

Besides limestones of the Siluro-Carabrian series, other lime- 
stones of the Silurian and Devonian periods give identification to 
occurrences of epigenic limonitic iron-ores. These are irregular 
shaped masses often described as lenticular (but in an opposite 
sense of that term as applied in this memoir) between limestone 
and adjacent ferruginous strata. Thus occup3'ing bordering 
divisions of strata, they not infrequently assume to partial view- 
semblance of interstratified deposits with which they have some- 
times been confounded. 

Such relations, however, point more or less distinctly to re- , 
placement of calcareous material through essentially superficial 
agencies, and to circumstances of attitude and environment 
favorable to epigenesis of limonite. These circumstances are 
ordinarily less obscure and complex than those which govern the 

♦Besides the several papers by Prof. Dana already cited, touching the 
present subject, may especially be mentioned one on Berkshire Geology, 
(Berkshire Hist, and So. Soc., Pittsfield, 188U.) 

tAm. Journal of So. lx, 1875, 432. 

J An. New York Acad. 8c. Ill, 1886, 393, 399. 
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distribution of accumalations of iron-ore connected with the lower 
series of limestones, mainly on account of the distinct conjura- 
tion and undisturbed relations of the accumulations themselyes. 

VII. ReplaceTnent of CryataUine iron-ores. 

According to Lesley and d'lnvillers the famous magnetite de- 
posits at Cornwall, Pennsylvania, like the developments of brown 
hematite on the same horizon throughout the Grreat Valley, were 
originally a formation of Lower Silurian magnesian limestone beds. 

**It may safely be said," as remarked by these observers, 
**that the Cornwall ore-mass has experienced three stages of 
development; being originally a formation of lime-shales; then 
becoming a great brown hematite formation ; and finall}'' a mag- 
netic ore-formation."* 

The advanced metamorphism of the original ore- replacement 

from limonite, or perhaps from siderite, to magnetite, is a 

phenomenon which there is much reason to believe, is connected 

with local doleritic intrusions along the edge of the Pennsylvania 

Mesozoic, as also in the case of other occurrences of magnetite 

on the same horizon at Boyerstown, Dillsburg and elsewhere in the 

same State. 

Replacements of metamcnphie limestone by other types of 

crystalline iron-ores have recently been observed by me in St. 
Lawrence County, N. Y. Here the Calciferous limestone has 
become crj'stalline, and its ore- replacements have become meta- 
morphosed into red hematites or anhj'drous ores of the specular 
type. At Pierrepont, highl^^ crystalline specular ore, of splen- 
dent lustre, occui-s in white metamorphie limestone of Calcif- 
erous sige. 

Taken in connection with ni}' previous memoir on the present 
subject, the foregoing facts, here very briefly considered, tend to 
prove that replacement of Palaeozoic limestones, and other cal- 
careous material, including calcic carlx)nate from decay of 
siliceous schists, has been wrought indifferently from l)oth in- 
filtrating chalybic and st3'ptic waters, through surrender in each 
case of a weak base like ferrous oxide for a strong base like lime. 
I have also sought to indicate some of the circumstances of at- 
mospheric environment, topograph}^ or vicissitudes governing 
preservation, or— -on the other hand — alteration of the product of 

*An. Rep. of the Geol. 8urv. of Penn., for 1885, 1880, p. r)39. 
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direct replacement; and to attach what is conceived to be due 
significance and importance to sach circumstances. 

Chemical replacement of limestone by ferrous carbonate, it is . 
hardly necessary to remark in review, proceeds from surfaces of 
cleavage and stratification, wherever penetrated by infiltration of 
atmospheric waters from neighboring permeable ferruginous rocks 
like schists and shales ; or, again, from surfaces and interstices of 
rocks, wherever calcic carbonate is produced by decomposition of 
silicates. Or, still again, solutions of lime and iron salts from 
one or the other source, give scope to similar and successive re- 
actions. Hence transmutations within compass of both limestone 
and adjacent schists. Mixed detritus from both kinds of strata, 
and overspreading considerable surfaces l)elow the level of de- 
velopment or outcrops of such strata, also give place to like re- 
actions. Hence numen)us shallow deposits of limonite at the 
base and on slopes of Appalachian ridges. Much of the ferric 
hydrate which appears due to tardy precipitation at considerable 
distance from sources of iron-salts is doubtless from indirect re- 
placement of limestone schutt. 

VII I. Replacement of Camhrian Limestonvs, Lake Superior 

region, and Missouri. 

The notable occurrences of crystalline iron-ores at Iron Mount- 
ain, Shepherd Mountain, and Pilot Knob in Missouri, within 
developments of stratiform porphyritic petrosilex (hallaflinta) 
was ascribed by Pumpelly, in the year 1 872. to replacement of 
limestone.* Development of the petrosilex was also supposed 
to have resulted from chemical processes of replacement. How- 
ever this may be, it is not difficult to imagine development of 
petrosilex from a siliceous limestone, or from a limestone inter- 
calated with siliceous matter, concurrently with replacement of 
the calcareous material by iron-ores. Developments of this kind 
may be regarded as akin to the jaspery foliations of petrosilex 
along with crystalline ores in the Lake Superior region, the genesis 
of which by replacement of calcic oarlx)nate has recently been 
traced by other geologists. 

The relations of specular or hematite schists in the Lake Su- 
perior region to siderite, and the phenomena of its original de- 
velopment and distribution have recently been treated, first, by 

♦Geol. Surv. of Missouri, 1873; Iron Ores, 26. 
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the lamented Prof. R. D. Irving, and later by Mr. D. H. Browne, 
and by Mr. C. R. Van Hise.* 

. The conclusions of the present memoir seem, as may Ik? 
claimed, to strengthen the probability that occurrences of siderite 
and ferro-calcite, like those described by these authors as the im- 
mediate source of hematite in the Penokee-Gogebic range of Wis- 
consin and Michigan, are of the nature of chemical replacements 
of limestone, and calcareous shales and grits more or less car- 
bonaceous. Such developments are doubtless remnants of sider- 
itic material, of which the greater part has been further altered 
into brown and red hematite successivelv. 

As indicated by these wTiters themselves, from solutions of 
ferrous salts, replacement of calcareous material hiis been effected 
according to local conditions determining circulation and inter- 
ception of these infiltrations. That this was once, or at least in 
part, direct, is shown by the development of siderite. Productu 
of indirect replacement like ferric oxide proceed as in other in- 
stances either from spontaneous oxidation of the replacing carbon- 
ate, or from its tardy alteration. The part taken by dykes in the 
interception of drainage has particularly boenshow^n bj' Van Hise. 

Replacement of limestone by siderite, and subsequent altera- 
tion of this epigene product are opposite phenomena incidental to 
essentially ditf'erent atmospheric environment. Carlwnic anhy- 
dride, or reducing gases, or a mixture of both, which may be 
assumed to have prevailed concurrently with the first process, or 
rather wherever this was set up, eventually must have given way 
to an ordinary' oxidizing atmosphere. The association of car- 
bonaceous strata sufficiently attests this point. 

FOREIG.N EXAMPLES OK REPL.VCEMENT OF Ll.MESTONE BY 

IRON-ORES. 

T close the present memoir with a few brief illustrations of re- 
placement of limestone by iron-ores in well known and important 
developments in several parts of Europe. As such most of these 
have been distinctly recognized. 

IX. Replacement of Carbon if eroiL» limestone, England. 
The Carboniferous or Mountain -limestone series of the no^^"" 
ern and north-midland counties of England, as in other part^ ^^ 
that island — especially in South Wales, consists of alternation^ 
*Am. Jour. Sc. xxxrr, 1880, 255; xxxvii, 1889, 32, 299. 
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thick limestones with thin shales and sandstones. The limestones 
are horizons of siderite and hematite, of which the larger de- 
velopments are irregularly distributed within compass of the cal- 
careous strata. Phillips* has given a selection of cuts which 
well serve to illustrate the phenomena of indirect replacement of 
limestone by hematite through alterable ferrous carl)onate. as 
pointed out by k^myth,t and as attested b}' the presence of fossils, 
identical with those of the limestone, partially converted into 
brown oxide. 

X. Replacement of Jlesozoic Umestonea, Enylund, 
The iron-ore occupying horizons of estuarine limestone of the 
Lower or Bath oolites at the top of the Upper Lias series in 
Northamptonshire abounds with shells and corals converted into 
ferric hydrate. As animal life could not iK)ssibly have existed in 
w^aters charged with iron salts to the degree apparently indicated 
by the ore, Mr. Samuel Sharp concludes that the iron must have 
been introduced by infiltration after the deposition of the seili- 
mentary material, t 

From a microscopic examination, Sorby concluded that Cleve- 
land ironstone of the Middle Lias of Yorkshire has lieen derived 
partly from mechanical deposition, and partly from subsequent 
chemical replacement of originalh' deposited calcic carbonate, 
**which probably thus served to collect together from associated 
ferruginous non-calcanH>us beds a large part of the iron'' contained 
in this ore. This is particularly proved by pseudomorphous 
siderite after aragonite penetrating molluscus shells originally 
composed of that form of calcic carlx)nate. S 

Lower Liassic beds of calcareous siderite or ferro-calcite occur 
in North Lincolnshire as upper meml)ers of a series of limestones 
and shales, and characterized by a great abundance of Grtjphnea 
arcuata. The ore-series consists of alternations of unaltered 
ironstone with thin limestones, together aggregating, according 
to a section by Mr. (Jeorge Dove, H) feet in thickness. The ore, 
SIS descril)ed by Mr. 1). Adamson, is intercalated with ferriferous 
limestone carrying from 8 to 10 per cent, of in)n. 



*Ore-deposit8, 1884, 164. 

tMemoirs Geol. Surv. of Gr. Britain, Parts I-IV, pp. 18, 19, 25. 
tAn. Jour. Geol. Soc. 1870, 376; Judd, Mem. Geol. Surv^Gr. Br., 1875, 
136. 
§An. Jour. Geol. Soc. 1879, 84. 
i Jour. Iron and Steel Inst. 1876, 327. 
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Lower Cretaceous, Wealden or Middle Neocomian calcareoua 
strata in the same county, give place to oolitic brown ironstone 
which is described as highly fossiliferous as well as calcareous. 
The same strata are overlain conformably by the Lower Green- 
sand series of arenaceous shales, with which is imbedded lime- 
stone passing into ironstone.* 

XI, Replacement of Liasaic limestone Luxemburg and Lorraine. 
The oolitic limonitesof Luxemburg and Lorraine, equivalent with 
the ores of the Cleveland district of Yorkshire, and of the same gen- 
eral character, bear likewise evidence of replacement of limestone. 
Highly calcareous, as practically shown by their self-fluxing prop- 
erty, they contain remnants or nuclei of unaltered limestone, as 
well as numerous moUuscus shells transformed into limonite.t 

XIL Replacement of Mesozoic limestones^ central France. 
Some very striking exhibitions of the class of phenomena 
which it is here sought to ilhistrate, are afforded on a large scale by 
well known deposits of limonite and hematite within the develop- 
ment of Jurassic and Cretaceous limestones in the ancient prov- 
ince of Berry, now included in the Department of the Cher, in 
central France. I refer to occurrences recently studied by M. 
de Grossouvre. % A graphic description by this engineer leaves 
scarcely room for doubt of the origin of these deposits by in- 
direct replacement. In the elaborate memoir now referred to, 
no attempt is made to trace the process of epigenesis beyond the 
action of solvent chalybic waters in excavation of limestone, and 
in deposition of ferric hydrate in its place. So far from being 
the simplest statement of the process of indirect replacement, 
this explanation is upon the assumption of chemical erosion of 
the limestone as a distinct act antecedent to precipitation of 
ferric hydrate, or, however insupposable, of anhydrous ferrous 
carbonate. Hence, as imagined, the formation of caves, cavi- 
ties, basins, etc. , in limestone, followed by the filling of such 
receptacles with products of chemical precipitation. The same 
reasoning has often been applied to similar occurrences in this 
country and elsewhere. Reasons m general against such an 
assumption have already been given. The theory of molecular 

*BauermaD, Met. of iron, 1872, 91. 

tM. A. Habets, Jour. Iron & St. Inst. 1873, 285. 

jiAnn. des Mines x, 1886, 811-416. 
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replacement preclades any such intermittent action on the part of 
a single agency. 

XIIL Replacement of Tertiary Liinemtone, Hesse. 
Epigenesis of oolitic iron-ores in Tertiary' limestone of Rhenish 
Hesse has substantially been described by Tecklenburg as re- 
placement of an oolitic limestone, the source of infiltrations of 
iron salts being an upper ferriferous limestone of the same 
series. * 

XIV. Replacement of Pre- palteozoic crystalline limestones^ Banat. 

Some striking examples of replacement of crystalline limestone 
at Russkberg (Banat) by siderite passing into hematite on the one 
hand; and into magnetite on the other, were in other terms de- 
scribed by Mr. Rafael Hofmann, in the year 1854.t 

Like the other more important iron-ore developments of the 
Carpathians, these are upon horizons of pre-palseozoic lime- 
stones. X 



Among other well-known developments of siderite and its de- 
rivatives in continental Europe within limestone strata, suffice it 
in passing to mention those of Carinthia and Camiola; and not- 
-ably those of the Styrian Erzberg near Eisenerz in Austria; also 
those of the Rhenish province of Coblentz and Siegen in Ger- 
many. I 

Commonly regarded as epigene products, these have usually 
been described by German authorities in various terms as StOcke, il 
LagerstOcke, GangstOcke, and Fl{3tze, sometimes of direct deposi- 
tion successive in relation to enclosing strata, sometimes as me- 
■chanical fillings or «*in- washes' 'of pre-existing spaces; and, again, 
.as chemical segregations. In most of the conspicuous instances 
named, circumstances of environment and topography are such 
-as to indicate more or less clearly molecular replacement of lime- 
stone or dolomite. 

M. Sibertzy, of the Geological Survey of Russia, considers cer- 

♦Zeitsch, Berg— HQtten— und Salinen Wesen xxix 1881, 210. 

tOangstudien, II, 468. 

tVon Hauer — Geol. Oest. — Ungar. Monarchie, 1875, 194. 

§Senft. Geognosie 1876, 451; Yon Hauer loc. cit. 228. 

{'Dr. E.Reyer truthfully says that Geology and the miner call that 
form, as to whose form nothing is known, a Stock. (Berg-u-Huetten- 
mannische Jahrbuch xxix, 1881, 26.) 
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tain iron-ores of that empire as products of replacement of Per- 
mian and Carboniferous limestones. Another Russian authority, 
M. P. Zemiatschfensky, entertains similar views in respect to iron- 
ores of central Russia.* 

XV. Mediterranean iron-ores as replacements of limestones. 

1 — Iron-ores of Bilbao. Spain. 

No more remarkable developments of iron-ores can be in- 
stanced than those of the Biscayan province of Spain. These 
ores, known far and wide under designations of localities of 
numerous workings on the flanks of Mt. Triano, include those of 
Somorrostro, Triano, and Matamoras, fix)m which immediate lo- 
calities, according to Mr. Gill, over 2^ millions of tons was pro- 
duced in 1882, or 98 per cent, of the whole product shipped 
from the port of Bilbao during that year. 

These ores are of several amorphous types and gradations, in- 
cluding limonites, turgitesand hematites, some of the latter verging 
upon the specular variety. They are of diflferent degrees of purity, 
inversely proportional to their tenor of earthj' silicates ; and ac- 
cording to the degree, first, of replacement of limestone, and, 
second, of alteration from the condition of ferrous carbonate, 
from which all types and gradations have evidently been de- 
rived. 

These important iron-ore deposits occupy the horizon of lime- 
stone, especially of a formation interposed between overlying 
fossiliferous argillaceous limestone, and a lower limestone under- 
lain by variegated and micaceous grits, containing nodular 
sphfiBrosiderite, the whole series, of Middle Cretaceous age, being 
much disrupted and dislocated. The ore, wrought in places to 
depths of over 100 feet, greatly fluctuates in thickness, owing to 
inequality in vertical range of replacement, whence obviouslj' the 
uneven or billowy surface of the limestone floor, as described by 
Gill and others. Iii other places the limestone is fully developed, 
no replacement having been effected. Again, the whole vertical 
range of the limestone is represented by ore, while at still other 
localities a lenticular bed of unaltered limestone separates the so- 
called campanile clearly a hematitic or transition product of 
alteration of siderite — more or less incompletely transformed, 

♦Cited in Bibl. of iron-ores. Geol. Nat. Hist. Surv. of Minnesota, 
Bull. No. «, pp. 320, 834. 
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from the underlyiiig veufi dnh-p. This is a soft limonite passing 
into tiirgite and also graduating in places into a harder variet}' 
known as vena dura, in which alK)und pseudomorphous rhomlx)- 
hedrons of hematite, after siderite. 

The slialy blue limestone, containing rrqHhnia hwitjata, and 
giving place to ore-bodies on the north side of the divide between 
the Nervion and the Somorrostro rivers (Mt. Triano), presents a 
continuous outcrop on the south side, and forms the crest of the 
mountain. The vena duire, or gallery ore, is descril>ed as the 
character of ore deep under cover; campaniL the choice or ship- 
ping ore of the region, under moderate cover; and rnhlo^ a 
worthless variety in exposed ledges. The latter is a sideritic, 
cellular, cherty limonite, forming outliers or crags, evidently cor- 
resjK>nding to the upper edge of disrupted and highly tilted 
miisses of the reqaienla limestone, weathered and leached l)y at- 
mospheric action without the aid of undergnjund moisture, and 
without protection of cover, but pfissing into vena, on attaining 
cover. In lK>th brown and red-ore mines siderite occurs in blocks 
as cores or nuclei of altered products. 

The source of ferrous salts yielding more or less alterable fer- 
rous carbonate in contact with limestone, appears to have been 
overlying, now mostly obliterated, feiTiferous and pyritous sedi- 
ments, of which remnants are preserved. Unequal conditions, 
l>erhap8 in original composition of the ore-limestone, but cer- 
tainly as to attitude and environment, have letl to une(iual de- 
velopment of ore-mtusses, some of which, according to (till, hav- 
ing the semblance of mountains of ore, proving mere shells of 
good ore with nothing but siliceous material behind them. 
Changes of volume, as unequal replacement and chemical altera- 
tion have advanced, may be believed to have been adecpiate to 
produce no small part, if not the whole, of the disruptions and dis- 
locations, so marked a feature in the stratigraphy of the region. 

Though some of the phenomena here referred to have been 
differently interpreted by M. Barson* and M. Baills,t the descrip- 
tions given b}^ (JillJ furnish abundant evidence of sideritic replace- 
ment of Cretaceous limestone strata, and of subsequent altera- 
tion into limonite and hematite more or less advanced as condi- 

♦Rev. Univ. des Mines, iv. 1878, f)48. 
tAnnales des Mines, xv, 1879, 209. 
JJour. Iron and Steel Inst. 1882, 0:5. 



tioiis for weathering action have Ijeen more or less favorable, 
especially as regards the intervention of moisture. 

2. Iron- ores of Elba. 

The specular iron-ores of the island of Elba, which have often 
been instanced in text-books as an example of eruptive or sub- 
limation deposits, a conclusion questioned by G. Vom Rath in the 
year 1870,* have since been described by Lotti of the Creological 
8un'ey of Italy, as in part altered products of replacementof cal- 
careous rocks with which a chemical interchange <>f materials lias 
taken place, in conformity with the law that the more easily solu- 
ble minerals are replaced by the less soluble, t 

S. Alger inn iron-ores (Ta/na). 

Among well-known Algerian iron-ores are those of theTlemcen 
district, near the western border of the province of Oran. These 
ores, commerciallj' known as Tafna ores, are, as de9cril)ecl by M. 
Pouyanne. t hematites occupying the horizon of Liassic limestone, 
which rests unconformably on ancient crystalline schists. While 
masses, large and small, of unaltered limestone and siderite are 
unequally distributed in all of the workings, these masses all furn- 
ish evidence of gradual and progressive transition into hematite, 
while specular and magnetic oxides occur as products of farther 
alteration. Other deposits imbedded with Tertiary strata are 
made up of detritus from the Liassic ores llrst mentioneii 

Washington, 1). C, March 21, 1891. 



CRITERIA OF ENGLACIAL AND SUBGLACIAL 

DRIFT. 

By Waiiben Upham, SonierviUe, Ma!<9. 

The puriK)se of this short paper is to call the attention of gl»- 
cialists to the means of discrimination of the portion of the drift 
which, at the time of final melting of the ice-sheet, was enclose*! 
w^ithin the ice and therefore is called englacial drift by Pres. 
Chamberlin, and the portion which was subglaoial, lying nnder 
the ice. It is hoped that the availability of the criteria here men- 
tioned will be discussed bv others, and that we mav attain tht- 
most useful methods of observation and determination, in all partu 
of our drift-bearing area, concerning the question whether a largi' 

♦Jahrl), fttr Min. 1870, 786. 

tKmmons, Trans. Am. Inst. Min. Eag. I'We. Ext. ::^. 

J.Ann, (les Mines ix, 1870, p. 81. 
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fniction of the drift, or only a nmall amount, was contained within 
the ice-sheet, becoming Hiiperglacial by ablation, at the time of 
its departure. 

Englacial THl. The following cliaracters have seemed to me, 
in examination of the drift deposits of New Hampshire and other 
New England states, and of Minnesota, Iowa, the Dakotas, and 
Manitoba, to distinguish the englacial till, reaching from the sur- 
face to a variable depth, as compared with the lower subglacial till. 

1. More plentiful and larger lioulders are usually' enclosed in 
the portion of the till that was englacial. Sometimes many of 
them are onlv partially embedded at the surface. 

2. These l)oulders and the smaller pieces of rock are mostly 
angular or subangular. "While being carried along in the ice- 
sheet, the englacial drift was not subjected to attrition, which ac- 
counts for the large size and unworn character of its rock frag- 
ments. 

3. The englacial till has commonly a somewhat more gmvelly 
and sandy and less clayey composition, owing to the washing away 
of much of its finer material by the drainage of the glacial melting. 

4. It has a looser texture and is much more easily excavated 
This portion of the englacial drift wjis allowed to fall loosely when 
the ice disappeared. The subglacial till, on the other hand, be 
ing compressed by the vast weight of the ice-sheet, became very 
hard and compact, whence comes its popular name, *' hard pan.' 

5. The effect of weathering, by which the small ingredient of 
iron in the till has l)ecome changed next to the surface from pro- 
toxide combinations to the hydrous sesquioxide, giving a yellow- 
ish color, stK)ngly in contrast with the darker gray and bluish 
color of the un weathered portion below, often is limited at the 
plane that separates the readily permeable, loose englacial till 
from the comparatively impervious subglacial till. 

(3. Between the two, there is frequently a layer of subglacial 
4f$tratified gravel and sand, from a few inches to a few feet thick. 

Suhfflacial Till. Characteristic features of till accumulated l)e- 
neath the ice are, conversely, the prevailingly smaller size and 
glaciated shapes of the enclosed l>ouldei's and fragments, its larger 
proportion of clay or very fine rock flour, its remarkable hai'dness, 
and in many sections the cessation at its top of the coloration due 
to weathering. 

Another criterion of sul>glacial till is the position of its oblong 
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stones, generally with their major axes approximately parallel 
with contiguous glacial stria? and with the course of movement of 
the ice sheet, and the eml>edding of flat stones with their flat sides 
nearly horizontal, or, where the accumulation rises in a prominent 
miiss, as in drumlins, taking a parallelism with the slopes of the 
surface. In the englacial till stones of these shapes are less 
abundant, because of their exemption from glacial wearing, and 
thev have no observable order of arranjrement. 

Furthermore, the subglacial till often exhibits, especially in 
sections of drumlins, a peculiarly bedded structure, in parallelism 
with the surface. Though })oulders, gravel, sand, and clay are 
thoroughly commingled, the deposit is imperfectly laminateil and 
tends to separate and crumble into thin flakes. This is frequently 
noticeable in a fresh excavation, but is most distinctly seen after 
a few weeks of exiK)sure. 

Mr. Hugh Miller has observed similar structural features of the 
subglacial till over large tracts of northern England ;* and the dis- 
crimination of the englacial and subglacial till, relying on most 
of the characters here noted, was probably earliest pointed. out by 
Dr. Otto Torell, of Sweden.! 

A partial stratification by water within the till, i)roducing some- 
times thin layers of gravel, sand, or clay, inconstant in character 
. and thickness and usuallv of short extent, or often only a distinct 
approach toward the formation of such layers, is occasionally ob- 
served in both the englacial and the subglacial till, probably more 
frequently in the former; but veins of gravel and sand, of such 
extent as to yield a sufficient supply of water for wells, are more 
common in the latter, or, as before noteil, at the plane lietween 
these deposits. The obscure stratification seems attributable to- 
seeping water during the deix>sition of the till, whether subglacial 
or englacial and sui)erglacial, while the definite and larger gnivel 
veins were formed in small and temporary subglacial water 
courses. 

Both deposits contain bouldei's and other drift derived from 
near and from remote rock outcrops. Local topography det<»r- 
mined the relative abundance of these portions, and probably alscv 
whether the ratio of far travelled material is greater in the en 



♦Report of the British Assoc, for Adv. of Science, Montreal, 1884, pj). 

720, 721. 
tAin. Jour. Sei., HI, vol. xiii, pp. 7<>-79, Jan., 1H77. 
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glacial or in the subglacial till, for it seems to vary in this respect 
in ditferent districts. During the progress of the accumulation of 
the subglacial till, it was supplied mainly from the lower part of 
englacial material, in which boulders and fine drift of near origin 
were more abundant than higher up in the ice. Hence, as a whole, 
doubtless the subglacial till has more local material, though dif- 
fering little in this respect from the basal part of the drift within 
the ice-sheet. The strt^ams depositing kames and osars, as I be- 
lieve, brought these sediments largely from the upper and more 
remotely derived portion of the englacial drift, and also trans- 
ported them for the greater part long distjinces, thus wearing the 
boulders and gravel to subangular and rounded forms. There- 
fore, in the order of their percentages of distances of transporta- 
tion, the subglacial till is generally lowest, and the englacial till 
next, while the stratified gravels, sands, and clays brought by 
streams from the ice were successively deposited, each mostly 
beyond the preceding and farther from their sources. 

Perched Hlorks. When the ice-sheet was melted away, its en- 
closed boulders were dropped, and some of them, lying as con- 
spicuous objects upon the surface, are strown sparsely over the 
prairies or are perched, aj)parently where they might l>e easily 
dislodged, on the slopes and crests of hills and mountains. Oc- 
casionally these perched blocks are of great size. Two found by 
J)r. G. M. Dawson on the eastern foot-slope of the Rocky mount- 
ains, about I5,30(» feet above the sea, measure respectively 42 by 
40 bv 20 feet and 40 by 30 bv 20 feet. Other l)locks in the same 
region extend up to the height of 5,280 feet, and they all were 
derived from the Archaean area east and north of lake Winnipeg, 
some 700 miles distant.* 

President Chamberlin has described remarkable belts of abun- 
dant superficial bouldei*s associated with terminal moraines in 
Illinois, Indiana, and Ohio.t These l>onlders are almost exclu- 
sivelv crvstalline Archtt?an rocks, and are thus known to have 
been transported across a distance of at least .'500 to 500 miles 
from the north. Thev show that here and there in the ice-sheet 
rock masses, derived from remote hillv or mountainous tracts, 
were borne forward high above the land: and that on the appix)xi- 
matelv level countrv of these states onlv the lower portion of the 
ice contained much drift derived from local rock formations. 

*(4eol. Survey of Canada, Ueport of Projjress for 1882-8:]-84, pp. 147-149 C 
tBulletin, G. S. A., vol. i, 1890, pp. 27 31. 
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Most of the veiy plentiful lx)ulder8 usually present in the hilt 
and ridges of the terminal moraines were doubtless bronght a.s 
the highest part of the englacial drift. 

Karnes, Osars, and Valley Drift. That a large amount of drift 
was carried along in the ice- sheet and became exposed on its sur- 
face during its final melting, seems to me clearly proved not 
only by the thickness of englacial till according to the criteria l)e- 
fore noted, but also by the various deposits of assorted or modi- 
fied drift. Perhaps the most interesting class of these deposits i* 
thatwhich consists of prolonged ridges of irregularly bedded gravel 
and sand, often extending in a series many miles, sometimes iw, 
50 or even 1 00 miles or more in length. These ridges usually 
have steep sides and a narrow arched crest of variable hight. 
Associated with them, and especially with the terminal and mar- 
ginal moraines of the ice-sheet, are mounds, hilkx^ks, and short 
ridges likewise composed of gravel and sand having a confused 
stratification, often somewhat anticlinal in conformity with the 
slopes of the surface. Both the very long gnivel ridges or serie> 
of ridges, and the ver}' short ridges, hillocks, an<l knolK were 
formerly classed together, and were called kames, eskers. or 
osars, but a Uvseful discrimination has l)een proposed In' Me<»ee 
and Chamberlin, in accordance with which the term knmrts is now 
restricted to the gravel hillocks, knolls, and ridges of slight ex 
tent, while the long ridges are named osarg or enkers* 

Precisely the same explanation of the mo<le of formation of the 
osars was reached independently fifteen yetirs ago by Dr. N. 0. 
Hoist in Sweden! and by the present writer in Xew Hampshire, t 
Four years earlier, as I afterwaixl learned, nearly the same view 
ha<l been first published by Prof. N. H. Winchell, in Minm^sota .1 

*W J McGee, in the Report of the International Geological Oonjgrejw, 
second session, Boulogne, 1881, p. 621. T. C. CbamberHn, in the Third 
Annual Uei>ort of the U. S. GeoJ. Sar\'ey for 1881-'82, p. 29J»; and Am. 
Jour, of Science, III, vol. xxvil, pp. 878-890, May, 1884. The article )wt 
cited presents many bibliographtc references, and shows that the term 
osar (pi. osars), in this Anglicized form, has long been in common use hr 
Jackson, Hitchcock, Desor, Murchison, and other authors. 

t"()m de glaciala rullstensAsarne,^ Geologiska Foreniogens i Stck 
holm ForhandlinffMr, vol. iii, 1876, pp. «7-112. This paper is reviewed by 
Dr. Josua LindahT in the American Naturalist, vol. xxli, pp. IWO-SI^l M<i 
711-718, July and Aug., 1888. 

J** On the Origin of Karnes or Kskers in New Hanishire,*^ Proc. A. A.A. 
S., vol. XXV, 1876, pp. 216-225. Geology of N. H., vol. ill, 1878, chapter 1. 
Proceedings, Boston Society of Natural Histor^^vol. xxv, 1891, pp. 28^-242. 
Geol. and Nat. Hist Survey of Minn., First Annual Report for 1872. p. 
02. etc.; Second An. Hep. for 1873, p. 194. Proc. A. A. A. S., vol. xxl, for 
1812, p. 165. 
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During the Champlain epoch, sw the time of disappearance of the 
last ice-sheet has been named by Dana, its superficial melting was 
rapid throughout the warm iK)rtion of each year, while the sub- 
glacial melting went on at a very slow rate through both winter 
and summer, the same as it had been during the entire eix)ch of 
glaciation. Owing to the rapidity of the melting on the ice sur- 
face, and to the amount of englacial drift thus exposed and sub- 
jected to erosion and transportation, we l)elieve that tHesubglacial 
stre4im courses already existing were inadequate for ^q di*a4nage, 
and that they were mostly obstructed and closed by the transpor- 
tation and deposition of modified drift. The waning ice-fields 
were then deeply incised b\' brooks and rivers jwuring over them 
in the descent to their l)order and to the adjacent land lately un- 
covered 1)3' the glacial retreat. Ilydrographic basins of the ice- 
sheet probably extended 50 to 200 miles or more from its margin, 
resembling those of a J)elt of country along a sea coast ; l)ut the 
glacial rivers, and their large and small branches, had much 
steeper gradients than those of the present river systems on the 
land surface, and often or generally they flowed in deep ice- 
walled channels, more like canons than ordinarv river vallevs. 
Much englacial drift, which had become superglacial, was washe<l 
awav^ by the rains, rills, and small and large streams from the ice 
surface; and the osar gi'avel ridges are the coarsest sediments 
progressively deposited near the ice-front in such channels which 
were cut backward into the retreating edge of the ice by the su- 
perglacial streams. 

The best development of osars on this continent, scarcely in- 
ferior to that of Sweden, is found in Maine and has been thor- 
oughly explored and studied by Prof. George H. Stone, who con- 
cludes that the material forming these long ridges, also the short 
ridges and knolls called kames, and the valley drift, or stratified 
gravel, sand, clay, and fine silt, spread along the river courses 
and on the lowlands, were all supplied chiefly from the englacial 
drift.* This origin seems to me also true for the kames, osars, 
and vallev drift which have come under my observation in New 
Hampshire, Vermont and Massachusetts, and in ^linnesotu. Mani- 
toba, and adjacent portions of the Northwest. In a paper read 

* Proceedings of the l^)stou Society of Natural History, vol. xx, 1880, 
pp. 430-460. Proc, A. A. A. S., vol. xxix, 1880, pp. 510-519. Am. Jour. 
Sci., III. vol. xl, 1890, pp. 122-144. 
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last August before the Geological ►Society of America, I show 
that the volume of the drift contained in the last ice-sheet when it 
was melted from these states and province ap{)enrs to have ranged 
from verv little on some tracts to the thickness of at least fortv 
feet on other tracts. On the average, I believe that it was not less, 
but probablv considel'ablv more, than my estimate of its amount 
in New Hampshire, namely, the e<piivalent of a uniform sheet of 
drift six or seven feet thick. 

In (treat Britain, however, the material of the kames and other 
modified drift is thought by Prof. James Geikie to have been de- 
rived almost wholly from subglacial drift through the action of 
streams flowing beneath the ice-sheet; and he l)elieves that there 
was very little englacial drift, quite too little to permit the en- 
glacial derivaticm of the stratified drift which is afllrmed bvTorell. 
Hoist, and others in Sweden, and by Dana and many otherewho 
have studied the drift of North America. But another eminent 
]}ritish glacialist, Mr. G. W. Lamplugh, in a very complete and 
valuable discussion of the drift deposits of FlamlM)n>ugh Head 
and other parts of England, published this year, thinks that the 
ice-sheet which moved outward from Scandinavia and the high- 
lands of Scotland and northern England, sweeping across the low 
area that is now the bed of the North Sea, and then eiicroachinjj 
on the Flamborough coast, was charged with a large amount of 
englacial drift, not only Norwegian and Scottish boulders, but 
also marine debris with fossils, gathered up into the ice from 
ground that had been previously and is again now the sea lx>ttom,* 

In this country, we owe to Prof. James I>. Dana the earliest enun- 
ciation, more than tw(»nty years ago, of the doctrine that the iw- 
sheet contained abundant drift and de[)osited it during the final 
melting, partly as unstratified and partly as stratified drift :+ and 
only a few yeurs later this opinion was also published by Prof. N. 
H. AVinchell, with especial emphasis on the etfwt of the superfi- 
cial melting to cause this drift to become superglacial. t Bol^ 
these authors appear to claim that a larger pro jK>rt ion of the wlwle 
volume of the drift was ens:lacial at the close of the Ulaciai 



niuart. Jour. (leol. Society, LoinloD, vol. xlvil, 1891, pp. 384-481, i^itli 
maps and sections. 

+Trans., Connecticut Academy of Arts and Sciences, vol. ii, lifTO, pp. 
mm. Manual of Geology, editions of 1874 and 1880. 

J(ieological and Natural Historv Sur\'ev of Minnesota, First Annual 
Uc'port, for 1872, p. «2. Pop. Sci. '.Monthly, vol. iii, 187:5, pp. 203, 2m. 
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•period than I should be able, on the basis of my observations and 
the foregoing criteria, to admit. There were surely, as T think, 
extensive and thick deposits of subglaeial till, besides some 
scanty subglaeial beds of stratified gnivel. sand, and clay; and 
the jiggregate mass of the subglaeial drift appears to me without 
(hnibt to exceed, and perhaps two or three times over, the mass 
•of the ice-hehl drift. 

TeHtimony of Exist lay Ice- sheets. Dr. N. 0. Holst in his ex- 
^imination of portions of the margin of the (rreenland ice-sheet, 
found extensive deposits of both englacial and subglaeial drift, 
respectively characterized by angular and by glaciated stones and 
•)K)ulders. The largest accumulation of superglacial drift, which 
had been englacial, was observed on the southern edge of a lobe 
•of the ice near Frederikshaab. The drift covering the ice surface 
here extends along a distance of nearh' twelve miles, and reaches 
:a half mile to one and a half miles upon the ice. Accorfling to 
Hoist's Swedish report of his observations, summarized in transla- 
tion b}' Dr. Josua Lindahl,* the quantity and upper limit of the 
-superglacial drift at this loctdity are as follows: 

Its thickness is always greatest near land, but here it is often quite 
difficult to estimate its actual thickness, as it sometimes forms a compact 
-covering, only in some fissures showing the underlying ice. This* un- 
even thickuess of the moraine-cover oifers to the ice a proportionally 
vatying protection against the sun. It thus happens that the unequal 
thawing moulds the underlying surface of tlie ice into valleys and 
hills, the latter sometimes rising to a hight of fifty feet above the ad- 
jacent valley, and being so densely covered with moraine material that 
this completely hides the ice core, which, however, often forms the main 
part of the hill. 

Farther in on the ice, the moraine gradually thins out. At the local- 
ity just referred to, the moraine-cover, 3,000 feet from land, measured 
•several inches in depth; still the ice was seen in some bare spots. Be- 
yond 4,000 feet from land, the moraine formed no continuous cover, and 
at 8,800 feet it ceased entirely, with a perceptible limit against the clear 
ice. Only some scattered spots of sand and gravel were met with even 
a few hundred feet farther in on the ice. Dr. Hoist estimated the aver- 
lige thickness of the moraine taken across its entire width near its east- 
ern end at one to two feet. The limit between the moraine-cover and 
the pure ice is always located at a considerable though varying elevation 
above the edge of the inland ice. In tlie instance of the above-men- 
tioned moraine it varied between 200 feet and 500 feet. 

Terminal moraine ridges in process of accumulation on the 

*Am. Naturalist vol. xxii, pp. 589-598 and 705-713, July and Aug., 1888. 
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thinned border of the ice, were seen in several places, sometime*^ 
as shown b}' the following quotation, consisting chiefly of sub- 
glacial drift, elsewhere of englacial drift. 

The border moraines north of the Arsuk fjord ice-river are visible far 
out on the sea off Ivigtut. Dr. Hoist examined one that 6urroiio<ls the 
southernmost strip of land at a distance from land of about 2,0(M> feet. 
It is not one continuous ridge, but consists of several disconnected por 
tions arranged in a semi -circle. One of these portions was about ^ 
feet wide and thirty ft ve feet high. This moraine was mainly a groond- 
moraine, probably forced up by some elevation of the ledge under th^* 
ice. 

Another border moraine to the north of Kornolw's northern ice-river, 
was of a different character. The stones, at least at the surface, were 
greatly in preponderance over the gravel. They were angular and of 
varying size. The moraine showed some arcuations, but taken as b 
whole it was parallel to the land. In some exceptional instances it ap 
preached closely to the land, even so as to touch one of the projecting 
points, but generally it was located some distance away from land. Its 
width was estimated at 100 feet, and its hight at more than fifty feet; it 
should be remembered, however, that it might have had a core of ice. 
Its length was about one and a half mile. South of this moraine, anil 
farther In on the ice, were seen three more moraines, the greatest one 
extending al)out 1,000 feet in length. Two of them were parallel, one 
inside the other. 

Still more impressive testimony of u large amount of englacial 

and finally superglacial drift is giv(Mi by Mr. I. 0. Russell in biJ* 
description, as follows, of the Malaspina glacier or ice-sheet lying 
'l)etween the base of Mt. St. Elias and the ocean. 

This is a pleateau of ice having an area of ])ptween 500 and 600 square 
miles, and a surface elevation in the central part of between 1,500 and 
1,600 feet. It is fed by the Agasslz, Seward, Marvlne, and Hayden jcla- 
ciers, and is of such volume that it has apparently displaced the »ea and 
holds it back by a wall of debris deposited about its margin. All of lt> 
central portion is of clear white ice, and around all its margins, excepting 
where the Agasslz and Seward glaciers come in, it is bounded byafrinire 
of debris and by moraines resting on the ice. Along the seaward bor- 
der the belt of fringing moraines is about five miles broad. The inner 
marij^iu of the moraine belt is composed of rocks and dirt, without vesye- 
tation, and separated more or less completely Into belts by strips of clear 
ice. On going from the clear ice toward the margin of Uie glacier one 
finds shrubs and fiowers scattered here and there over the surface. Far- 
ther seaward the vegetation becomes more dense and the fiowen ci»ver 
the whole surface, giving it the appearance of a luxuriant meadow. 
Still farther toward tlie margin dense clumps of alder, with scatteretl 
spruce trees, become conspicuous, while on the outer margin apniee 
trees of larger size form a veritable forest. That this vegetation actual!) 



The WhineJHKjo Mt'feoAte. — Enton. 385 

grows on the moraines above a living glacier is proved beyond all ques- 
tion by holes and crevasses which reveal the ice beneath^' 

The abundance of superglacial drift on this small ice-sheet in 
Alaska, and its comparative scantiness on the greater part of the 
bonier of the extensive ice-sheet in Greenland, seem readily ex- 
plained by the recent and present rapid decrease of the Alaskan 
ice, while that of (i reenland is probablj' now increasing and the 
climate growing somewhat colder, t 

Both these ice-sheets lie on or near very mountainous districts. 
It will be of the highest interest to glacialists to obtain similar ob- 
servations of the Antarctic ice-sheet, for most portions of its vast 
expanse seem to flow out into the sea from areas of low land, 
more nearlj- representing the basin of the North Sea, from which, 
according to Lamplugh, the confluent Scandinavian and Scottish 
ice moved upw^ard over the eastern shores of England, bringing 
much englacial drift derived from that lower area. In like situa- 
tions, too, far from mountainous or even notably hilly country, 
are the localities which have atfoi-ded to me the greatest estimated 
thickness of the englacial drift, as al)out forty feet adjacent to 
the Altamont moraine on the Coteau des Prairies in southwestern 
Minnesota, J and about the same amount where currents of the ice- 
sheet converged from the northeast and northwest at Bird's Hill 
near Winnipeg, Manitoba. \ In each of these places the englacial 
drift is largely derived from the neighboring low region. 



THE WINNEBAGO METEORITE. 

By £. N. £aton, Amen, Iowa. 

In the August number of the Gkologist professors Torrey 
and Barbour again publish their analysis of the Winnebago 
county meteorite. The analyses thus far published vary so 
greatly that I hesitatingly' add a [)reliminary one maile by myself 



*"An Expedition to Mount St. Klias, Alaska/' National Geographic 
Magazine, vol. ill, 1891, pp. 185, 186. 

tAM. GKOiiOOisT, vol. viii, pp. 145-152, Sept., 1891. 

JGeol. and Nat. Hist. Survey of Mianefota, Ninth Annual Report, for 
1880, pp. 322-326; Final Report, vol. i, 1884, pp. 603, 604. 

j^Geol. and Nat. Hist. Survey of Cana<la, Annual Report, new aeries ^ 
vol. iv, for 1888-80, pp. 38-40 E. 
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soon after the ^^fall" and published in the Aurora,* a magazine 
edited by the students of the Iowa Agricultural college. 
For comparison these analyses will be placed together. 

IIRCOKDBD ANALY8RH OF TUB WINN KB AGO METEORITE. 
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In their last article professors Torrey and BarlK>ur do not pive 
the percontiige of metal, but in a former article under the e»ame 
analysis of matrix it is stattni to Ik? 45 ^J .** In the fourth column 
the analysis is calculated on this basis. 

It will be ol)serve(l that Torrey and BarlK>ur's analysis contains 
oyer twice as much metal, almost seven times as much lime ami 
less than one- fourteenth as much magnesia as that reporUni by 
Eakins. Do the sections of the aerolite show such divewitv in 
chemical composition? That it is not altogether homogeneous i.^ 
evident from a microscopical examination. The nickeiifcn)u> 
iron occuiN in nodules of varying size while there is no rpjru- 
larity in the distribution of olivine, triolite, fern)ii8 oxide 
or other constituents. Also in the fragments the surface is 
oxidized in an extrenu»ly thin layer while on the larger masses it 
is somewhat thicker. That this variability is not consiMCUOUs in 
dealing with larger masses is indicated by Torn>v and Barlxuir 
obtaining the identical specific gravity as that reiJortwl by Kuuz 
(3.(U)S)tt while my own (:5.()7) is nearly a medium l>etwwn Kunz 
x\\\i\ Kakins (•5.S()4 at 2S.r)C.).ii My chemical analysis c<»rre- 
spouds (juite closely with Kakius. 

*Vol. XIX July, 1«90, p. «2. tAm. J. S<-. Vol. 140, 18901)7311 
tAllowinjf 45 per cent, for metal. • 

i^.Someof the iron combined as FeS hence per cent. FeO too large. 

1 II original article estimated as Fe,(), (29.08 per cent.) • Ferric oxid<*. 
**Am. Jo, 8c. Vol. 139, p. 521. 

ttTrans. N.Y.Acad. So. Vol. ix, No. 8, May -June, alsoAMERU*^' 
<TKOIXK5fST, Vol 6, p. 249. 






Am. J. Sc. Vol. 140, p. 312. 
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In reviewing the facts presented by the analyseH, one is inclined 
to doubt the veracity of the specimens npon which professors 
Tori"ev and Barlnnir made their analyses. In view of the num- 
ber of counterfeit specimens that were exhibited soon after their 
value became known, some of which ixvseftibled the meteorite 
closely, a mistake of this nature might easily occur. 

The specimens upon which m}' analysis was made w^re sent by 
Mr. Eugene Secor, of Forest City, a trusteii of the Iowa Agricult- 
uitil College, to Prof. Herl)ert Osliorn, and are now under his 
care in the. col lege museum. Other specimens were sent to me 
by parties in Forest City, and I think thel-e can be no doubt 
as to the genuineness of the samples analyzed. 

On the whole it would appear advisable that there be a careful 
revision of the work for such variability in chemical comiK)sition 
is unparalleled in the history of meteorites, and if true should 
have clear confirmatory evidence. 



EDITOEIAL COMMENT. 



RECENT STUDIES IX SPHERULITIC CRYSTALLIZATION. 

Constitution and origin of »pliertdttes in acid eruptice rocks. Whitman 
Cross. (Phil. Soc. Wash. Vol. ix, pp. 411-444.) 

SphernUtic erystaUizcUion. Jos. P. Iddings. (Phil. Soc. Washington, 
Vol. IX, pp. 445-404.) 

Mr. Cross found, in the investigation of spherulites and litho- 
physae of Colorado that the views both of the German and the 
French and of the English petrogmphers Avere inapplicable and 
the schemes of classification were unsatisfactorv. lie sketches 
German opinion, from Vogelsang to Zirkel and Rosenbusch, with 
critical observations. In particular, the term ' ' microfelsite " 
proposed by Zirkel and considered b}- Rosenbusch to signify a 
distinct mineral species occurring in scales and fibres and having 
a characteristic radiating spherulitic structure, Mr. Cross con- 
siders with Tddings, Teall and BrOgger to })e improperly defined. 
He rather inclines to the opinion that these substances consist of 
a **submicroscopic'' intergrowth of orthocla.se and quartz, and 
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that the fibers and scales in the ground mass of ix>rphyries and 
rhyolites may l)e minute particles of feldspar indeterminable by 
existing means of researcli. 

In a similar manner the terra '*petrosilex*' is employed by the 
French petrographers. under the le4id of Michel-Levy, in a loose 
way, as is admirably illustrated by the definition, '*a partially 
amor{)hous magma impregnated with silica already individualized 
in a state of opal or chalcedony." Spherulites are supix>sed, l»y 
the same authority, not to consist of known minerals, unless they 
be quartz and feldspar, intergrown in the manner of [>egmatite. 

The result of the author's study of the (\>lorado material seem>( 
to show that indefinite substances, such as crystallites, petrosilex 
and microfelsite, have Ikhmi assumed to l)e pr€»sent unnecessarily 
in many cases heretofore, under the influeuc<' of preconceived 
ideiis. 

The chemical constitution of the pitchstone cimtaining the Col- 
orado spherulites shows, that on complete crj'stalHzation the rock 
resulting would Ik* comjiosed nearly two-thinls of alkali feldspar 
and a little more than one-third of free silica. The author coin- 
cides with Iddings in the description of Obsidian cliff, thai, in- 
stead of being due to an arrest of crystallizing consolidation (sup- 
posed l>3' all European authors) spherulites of the smallest size as 
well as the larger spherul it ic masses, are due to the crystallization 
of some definite minerals from a magma, under special conditions. 
There are a few older crystals in these rhyolit^'^s which, at a pericni 
prior U^ the si)herulitic. were formed from the magma and by 
their arrangement bring out the fluidal structure. These took up 
the small percentages of lime, magnesia and iron oxides which 
analysis shows to exist in the pitchstone, forming phenocrj'sts of 
plagiochise, leaves of i>iotite, microlites of augite and trichites of 
magnetite. Mr. Cross examines specially the larger spherulitic 
masses, but he considers even the smallest to consist of definite 
and oft^n identifiable minerals. 

As to the origin of these spherulites, IVlr. Cross supposes that 
amorphous silica plays an im(x>rtant role. First a colloidal sub- 
stance, embracing the elements of silica and of feldspar, is sup- 
)M>sed to l)e separated from the magma, this being ' ^a local change 
in the character of the magma,' but whose cause and attendant 
conditions Mr. (^ross does not attempt to state. From this pri- 
mary colloidal globule aiv generated amorphous silica in one di- 



Editonal Comment. 'JSl) 

i-ection and feldspar in another, the letter taking radiated and 
branching forms under varying tension and viscosity in the mag- 
matic mass. As tlie colloidal substance is further separated, the 
specialized growths goon jHiri jxigu, resulting in concentric zonal 
-structures or in nidiated spherulites, or imperfect arljorescent 
forms — and sometimes in holocrystalline spherulites. 

It is difficult to see, from the discussion, wherein Mr. Cross 
finds warrant for the existence of this supposed anterior, globular 
colloidal substance, or w^herein his hypothesis enlightens or even 
embraces '-the conditions favorable to or causing sphenilitic 
growths," (p. 4H5) which he announces as its purpose. In fact 
it appears, from the statements of Mr. Cross, that the general 
magma, after the primary segregation of the phenocrysts of plag- 
ioclase, biotite, microlites of augite and grains of magnetite, had 
nothing left but the same elements that he deems characteristic of 
this colloidal substance, and it is perhaps reasonable to suppose 
tli£ magma itself, en maHne at this time was colloidal and gener- 
ated the spherulites in the same manner as supposed for the iso- 
lated colloidal globules. It is only by assuming the minute pri 
mary globules of the magma itself as it existed just prior to the 
spheru lite-forming stage, as the initial colloidal globules, that 
there can be, so far as we can see, any warrant for the hypothe- 
sis, and if the hyi^othesis l>e reduced to this, it is no hypothesis 
at all, for it only assumes a well-known condition of amorphous 
matter. Mr. Cross's discriptions are clear and comprehensible, 
and the i)aper. aside from its philosophy, is a valuable contribu- 
tion to American petrography. 

The paper of Mr. Iddings treats of a stage in spherulitization 
subse([uent to that al)ove descril>ed, viz. : the process of forma- 
tion of the crystalline inter-growths and the charactei*s of the crys- 
tals formed. It is based on a study of a new series of thin .sec- 
tions of the lithoidite of Obsidian Cliff, in Yellowstone Park, the 
sections presenting 2(> examples of one phase of the rock. The 
new study in Mr. Iddings' opinion coiToborates. and also extends 
the conclusions reached by the former research, adding three new 
minerals, tourmaline, mica and ziiTon, to this rock. Mr. Iddings 
likewise rejects, as he l)efore ignored, the term *' micro felsite,'' 
and believes it is demonstrable that even the finest of the spheru- 
lites are but very small forms of larger ones whose structure and 
comix)sition can be o1)serv'ed. 
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The paper is taken up mainly with the record of facts descrip- 
tive of the micro-structure of the crystallizations seen in these 
spherulites. There is, however, a hypothetical underlying cause, 
or conception, which Mr. Tddings entertains as the initial condi- 
tion precedent for the formation of spherulites, viz. : the pres- 
ence and une([ual distribution of water-vapor within the siliceous 
magma. This water-vapor seems to act, as presumed by the 
author, rather physically than chemically and to determine by 
its greater amount in localities the greater molecular mobility 
within the molten magma which locally permits crystallization. In 
other words the conception of the author is that where now exists 
a spherulite within the obsidian glass, originally was a local cen- 
tre of greater hydration than in the magma in general. This con- 
dition precedent answers, in Mr. Tddings' hypothesis to the col- 
loidal globule in Mr. (h'oss's, but neither of the hypothes(»s aim.s 
to account for the initiation of the actual crvstallization. 

At fii*st glance there seems to be an obstacle to this assumed 
unequal distribution of hydric vapor, and it is the same in charac- 
ter, as that stated by Mr. Tddings against an unecpud distribution 
of heat * 'throughout any considerable mass of the magma'' (p. 
446) viz. : in the nature of the cane. ITeat and hydric vaiK>r, in their 
manner and degree of distribution, are. when lx)th are present, if 
not identical, so intimately correlative that what may be assumed 
for one, may, perhaps, be assumed for the other. But it must be 
admitted that there is a fundamental distinction to l>e observed, 
in this cas(^ between the presence and probable manner of distri- 
l)ution of heat and the presence and probable distribution of 
water- va[)or. Heat, in a molten eruptive rock, is primary and es- 
sential and may reasonably be supposcnl not to present great var- 
iations throughout "any considerable mass," but hydric vapor is 
secondary and accidental, and may l>e supposed to be most 
abundant at those points where the molten magma ma}' have Iwen 
brought into contact with superficial waters. Such accidental 
contacts would, in the first place, cause a rapid and general diffu- 
sion of water-vapor through all the adjoining crust, as well as 
through the molten magma, and it would seem inevitable that 
some parts of the magma, even thmughout -'considerable masses" 
would be affected differently by its presence in differing amounts. 
Notwithstanding this distinction, however, in the nature of the 
origination of th(»se two (elements in the liquidity of the magma, it 
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aniist a^iiiii Ik* iulmittiMl that tlio very act of va))orizati()n of water 
when bn>ng1it into contact with a molten magma, wouhl abstract 
lieat kwally from the magnja, and that the local differences in the 
heat of the magma would extend pmrl painftt with the i)roduction 
4ind diffusion of the vai)or of water. Indewl these two progressive 
•<^hangi»s would almost exactly complement each other, and hence, 
4igain. the presence and the distribution of hydricvajxir "through 
t««onsi<lerable masses of the magma" would not per Imps l>e any 
more umMpuU than the distribution of heat. 

It must be understood, however, that here we are (M)nsidering 
-considerable masses of the magma." thi*oughout which compare<l 
with other considerable mass4*s there nniv or may not have been 
HUfferences of heat and hvdric va|K)r. This is ([uite a different 
thing from the assumption of centn^s, or points (for each spherulite 
.is supposed to have begun its growth at a jwint). di8j>osed in*egu- 
llarly through the molten magma, at which there wjis. temporarily' or 
•(Hmtinuously a grejiter amount of watery vapor than throughout the 
remainder of the mass. These spherulites are immensely numer- 
•ous. Some aiv large, and some are microscopically minuti*, and 
»iometinies they touch each other. There must, under the h3'poth- 
4»sis of Mr. Iddings, havt* been an immense nnmln^rof individual 
|)oints. almost an infinite nijmber. at which, though separated 
from each other by micn>sopic distances,' there were maintained 
^^reater amounts of hydric vapor than in the intervening spaces. 
Such a conception of the manner of distribution of hydric va- 
'jM)r is unitpie and can hardly be accepted un<ler the well-known 
laws of the diffusion of gases. 

We cannot see sis either of these authoi's has suggested — we 
will not say the cause but — the essential condition precedent of 
the fonnation of the spherulites in acid lava. Mr. Iddings' re- 
(juirement that within the area of the developing spherulite there 
must have been greater molecular mobility than in the surrounding 
magma, is a step toward the solution of the problem. Whether 
this greater mobility <lepen<UHl on a colloi<lal secretion from the 
auagma,enveloi)ingthe point at which the crystallization began, or on 
a point or a globule, within the magma, which enjoyed a preponder- 
.:ince of hydric vapor, or of greater initial heat, each one of which 
-seems to us untenable, it is plain that the authors have made valua- 
Ibleand creditable contributions t4> American petrology, and that in 



the resenrc'h whieh tliov luivo couducted, their results have Ijeeu 
re4i<ihed independently, and anterior to all other petrographers. 
In conclusion we would suggest that perhaps, if the initial step 
of the conjunction of two differing molecules into chemical union 
be admitted tis the starting point, such as the molecules which 
make one molecule of orthoclase, there may have been develoi>ed 
enough heat to cause the similar union of two others^ 
and that two others, ad Infinitum or ml finaui, thus promoting 
the local difference of heat recpiired on which to }H)stulat(^ the 
local difference of molecidar mobility. Tt seems that the initia- 
tion and the malnteiumce of the gn)wth of spherulitic crystalliza- 
tion, in the same manner as of all other crystallization, 
must be sought for in the occult laws and relations of chem- 
ical attlnity. It also seeems that on i)hysical attendant 
conditions depend the forms of growth which the crystal- 
liziug matter shall take on. It is necessary to seek for those 
physical surroundings in the magma, in the (^atte of s[)hendites. 
which may have pi'evented the second an<i succeiHiing molecules 
of orthoclase fi*om placing themselves alongside of their earlier 
brothers in jiccordance with the laws of the crystal svstem to whicii 
orthoclase b<»longs, and thus from building wyy a perfect monor 
clinic f(n'm. 
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(ieoloffiatl mal Xntaral Ilutory Surreif of (Uiiiado^ Alfhed R. (\ Sei.- 
WYN, JMrector: Antuial lieporfj 3V«7 Sir ten, roK /T, for J8fiS-89. Mont- 
real: 1890. iSvo, pp» xxix, 1054; with three plates engraved from pheto 
graphs, four maps, and a sheet of rteetious. Price, ^2. The summary 
reports of tlie operations of the Survey during 1880, by the director and 
assistants, (comprises 60 pages. The cost of the Sur\'ey during the fiscal 
year ending June 30th, 1880, wjis >|;100,007.»«. Sales of tlie Survey pub- 
lications in 1889 amounted to $2,009.57; and within this year the number 
of visitors to the Survey Museum was 18,:{00, being an increase of 88fi 
as compared with tlie j)revlous year. Tins volume also includes th«- 
following papers. 

lUport on o portion of the Wttit Kootanie IHntrict^ llritiKh t'ofumhio^ 
1889. Hy (tEOUge M. Dawson. Numerous recent discoveries of valu- 
able silver-bearing ores in the mountainous country adjoining Kootanle 
lake and the Upper and Lower Arrow lakes of tlie Colnmbia, led to th*- 
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geologic reconnaissance which is here described in 6H pages, with a map. 
These long and narrow lakes, measuring respectively about (J4, -Wi, and 
51 miles in length from north to soutli, and ou<» to two miles in widtli, 
rccupy basins that were probably preglacial river valleys of similar 
origin with the fjords of the coast. Of two soundings in tbe Upper 
Arrow lake, one showed a depth of 400 feet, and the other failed to 
reach tlie bottom at T20 feet. In tlie Lower Arrow lake the <leepest of 
three soundings was 400 feet. Kootanie lake is probaldy deeper than 
either of these, but was not sounded. Their approximate liights above 
the sea are as follows: Tpper Arrow lake, 1,090 feet; Lower Arrow 
lake, 1,^580 feet: and Kootanie, 1,730 feet. The Gohl and Selkirk mountain 
ranges rise steeply on each side of these lakes to eli'vati(»ns 4,()(K) to 
9,000 feet above the sea. 

A general section of the nnjks exposed in these portions of the Cordil- 
ler&n belt is as follows, in descending order : — 
Greenisii and grey schists, with many beds of limestone in the Feet. 

lower part 2,0(H> 

Limestone or marble, often banded with siliceous layers, an<l 

artsociate<l with black argillite and grey scldsts '^,il00 

Chietly greenish schists, with some grey schists 4.050 

('hietly grey schists, and including some greenish schists, consti- 
tuting, with the last foregoing, the Adams Lake series S,^.^) 

Black, shaly or schistose arglllltes, with much dark limestone, 
botli being often more or less micaceous, named the Niscon- 

lith series, probably 1,000 

Mica schists, gneisses, and marbles, completely crystiilline and 

often highly siliceous, named tlie Shuswap series 5,0iK) 

The total estimated thickness of strata is thus 23,200 feet. No dis- 
tinct unconformity is found throughout the entire section, but the lowest 
division Is provisionally referred to the Arcluean, w^lnle the liiglier for- 
mations, though destitute of fossils, are thought b^^ Dr. Dawson to repre- 
sent various periods tliroagh the whole Pahuozoic era, fn)m the Lower 
Cambraltt up to the Carboniferous, inclusive, liesides these stratified 
formations, granites and granitoid rocks occupy a large part of the West 
Kootanie district, their principal area being the basin of the Lower 
Arrow lake. 

Nearly all the metalliferous deposits occur in the stratitied rocks. In 
the Shuswap series they are mostly galena, with some blende and pyriten^ 
and are of low grade as to tlieir content of silver. IVicli argentiferous 
veins traverse tlie Adams Lake series and the next overlvini? iimestone^ 
and argillite schists. 

On the top of Toad mountain, which lies near tlie junction of thi* 
Kootanie river with tlie Columbia, at a distance of about twenty- Ave 
miles north of the international boundary, glacial striie in bearings be- 
tween S. and 38 K. were found at the altitude of 6,090 feet above the 
sea. They are attributed by Dr. Dawson to an ice-sheet that was a(icum- 
ulated on the Cordillerau mountain belt in British Columbia, adjacent 
portions of the Tnited States, and the Xorthwpst Territory of Canada.. 
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III almost exactly the same latitude, but about 170 miles farther west, 
similar south want j2:laciaticn is found oa Loadstone Peak at a high! 
of 6,:J7() feet. 

HejHtrf on an twidoniti'on in the Yukon, and MarA'^inzit' Ba^tmt^ JV. W. T. 
ISy U. G. McCoNNELL. This memoir of 168 pages, with an index map 
of the country described, is based on observations during 1887 a,)Qd 1888. 
The intervening winter was spent by the author at Ft. Providence, a post 
of the Hudson's Bay Company near the west end of Great Slave lake. 
.Some idea of the vastness of the region embraced by this report may be 
inferred from the navigable extent of the Mackenzie river, on which 
this company^s steamer runs about 1,300 miles, from Ft. Smith on lati- 
tude (JO to the Peel river at the head of the Mackenzie delta. Devonian 
rocks, in some localities yielding many fossils, form the greater part of 
the country bordering the Mackenzie below Great Slave lake; but on 
<^ertaiii tracts they are covered by Cretaceous marine strata and Tertiary 
lacustrine beds. Boulder clay and other drift formations occur along 
the whole course of the Mackenzie, but only on the upper portion of 
the Yukon. 

In many places on the Mackenzie, as also on the plains of Alberta and 
Assiniboia, the boulder clay or till rests on a great thickness, sometimes 
fully 150 feet, of preglacdal gravels, which seem to be the analogue of 
the Lafavette formation of our southern states. These beds in the Mac- 
ken/ie ba.sin contain well rounded cobbles up to eight or ten inches in 
diameter, including many of gneiss and granite derived from the Arch- 
lean area far to the east. They are intimatelv connected with the Iwulder 
clay, and in one place were observed to alternate with it. 

Au appendix, filling IS pages, gives meteorologic observations, taken 
twice each day from June 2r)th, 1887, to the same date of the next year. 
A single station. Ft. Providence, was occupied seven months, from Oct. 
4th to the end of April. 

Jii'porl 'if hJ.vpJonition of tlw (Jhwinl hike Af/mfKiz in Mnniioba, By 
Wakhen Ujmiam. pp. 156, with sections, and two maps. Keviewed in 
tlie Am. Gf.ologist, March, 1891. An extract, treating of the hlstorj' of 
this lake, has also been reprinted in this magazine. Two appendixes 
accompany this report, one giving courses of glacial stritv about Hudson 
bay, lake Superior, and westward, and the other tabulating altitudes de- 
termined by railway surveys in Britisli America from Port Arthur west 
to the Pacific. 

Uepoi't on the Xfimnd Jtcxonras of tlw Proc/ncc of Qnefur. By H. W. 
Ells. pp. 151). The groNxlh and present condition of the various mining 
industries of this part of Canada are concisely stated, from information 
embodied in previous rej)ort.s of the Survey and of experts, from arti- 
cles in scientific journals, and from mining superintendents. 

Jit'porf on the SorfoiW (icohujy of Sonthern Xeir BruUHirivk. By HoitBRT 
('UALMKUs. pp. 1)2. The part of New Brunswick described in this re- 



port borders the Ba}' of Fuiuly, extending from the Maine boundary on 
the west to the isthmuH of Chiegnecto, uniting this province witli Nova 
Scotia, on the east. A southern hilly and mountainous belt of crj stal- 
llne rooks, some thirty miles wide, runs along the coast; and back of 
this is a low, broad Carboniferous urea, much of it beneath the 200 faet 
contour line. Hiver valleys, now ])artJy submerged indicate that the 
country stood at a gn»ater elevation, being not less than 200 fciet higher, 
during late Tertiary time; but after the departure of the ice of the 
(tlacial period it was for some time depressed about 220 feet, as is known 
by fossiliferous marine beds overlying the glac;ial drift, and the seatlien 
covered the Chiegnecto Isthmus. This subsidence agrees closely with 
that found by Prof. George 11. Stone in Maine. From the depression 
the land was re-elevated considerably above its present level, this being 
shown by a bed of peat at a depth of about 80 feet under tlic Tantramar 
salt marsh at the h«»ad of the Bay of Fimdy. The latest movement has 
been downward, but seems to have ceased. Sea cHITb, beach ridges, and 
salt marshes, show that now and at least for some centuries past the rel- 
ative levels of land and sea have been nearly or quite stationary. 

Preglacial decayed rock and beds of gravel on many tracts underlie 
the till, which is often thin or almost wholly wanting but occasionally 
attains a thickness of 50 or 60 feet. Drumlins, moraines, and kames oc- 
cur somewhat as in the New England states, and the region is nearly 
everywhere profusely strowu with boulders. The Leda clays and Saxi- 
cava sands extend to the hight of about 220 feet; and at greater eleva 
tions the district is prevailingly mantled with unfossili fibrous beds of 
c^oarse gravel and sand, often irregular in their stratification and contour. 

Chemical (■ontrihutionn to the GeohHjy of ('(nwdo^ from thr iMhonitoi'tf of 
the Hurrey, By <t. Ciiuistian Hoffmann, pp. (W. This report comprises 
a large number of analyses and descriptions of coals and lignites, nat- 
ural waters, iron ores, limestones and dolomites, etc., with notes of 
a1>out two hundred assays for gold and -silver. 

Jteport on the Mining and Mineral Statintiot of Canada for thr year IsSs. 
By II. P. BuuMEJ.. pp. 93. The aggregate val.ie of the mineral proilucts 
of Canada during 1888 is tabulated as $16,500,000. Coal stands first, with 
value somewhat exceeding $5,000,000. The product of iron, so far as 
statistics could be obtained, was nearly $1,600,000; of gold, about $1,- 
000,000; copper, $667,000; petroleum, $755,000; asbestus, $255,000. The 
total exi^orts of mineral products during the year was $4,7;J8,810, of 
which nearly three ([uarters went to tlie United States, and about one- 
tenth to Great Britain. 

I>tcitiion of Minrral Statintirtt and Mininy: Annual Utjhf?'t for IsS!). 
By Elfuic Phew Ingall. pp. 124. The total mineral production during 
1889 was $19,500,000. Each of tlie products before specified for 18ss 
shows an increase, excepting petroleum, which fell off about 20 pf^r cent. 
The largest ratios of increase are for iron and asbestus, each of whicli 
advanced about TO per cent.: and th<* value of the product of steel was 



doubl**, boing 4^1)TiJ,000 in IJ^I). Although at the same time its average. 
j)nc(' per ton ft»ll from abont 1^50 to f JJ5. 

Annotated Isint iff thf .Utuenth orcurnnf/ in f'tmadd. By G. Cukistiak 
Hoffmann. The literatim* of this subject, both of the Geological Sur- 
vey piii)li(^ations and of sciontific journals, Ir here well epitomized, fis 
pocial indebtedness is ackuo\vledge<l to the writings of Dr. T. Sterry 
Hunt, whose extended and important contributions to the mineralogy of 
Canada are stated to be the basis of this work. 

Snppirntcnt A to Cionjt' L. Knfih'fthd' ("o'm Ctita''AHjm' of J/i/</7v//#, Sept., 
ISIM. 7:W Broadway, New York. 

This is much more than a dcalerV list of his stock for sale. It is a 
carefully' compih'd sketch of new species created since the appearance 
of tiieir original catalogue, with their physical and chemical characters. 
The firm is rendering a real service to mineralogy in l>ringing together 
in convenient form these scattered facts, and providing students with 
th<' uunins of procurinsr specimenw. 

l^i'tnn Jiiiuin to (h'ontHta. SUitt'htm of oh^erration ttn(t inquiry in a 
font' round thv trorld in 1887-8. By Jamks Henuv CuAPix, 12 mo., 825 
))p, illustrated, Putnam's Sons, New York, 18HU. 

Prof. (Muipin has seen things with the kt'u of an iu(iuiring and 
observing geologist, and has succeeded in nuiking a very instructive nar- 
rative of his trip. 

Xott on no'/*' njttrini* nut r4p/lrrtfd ftj/ 11'. (rt/trfotid Kftq.^ in Kttno. By T. 

H. Holland, Esq., (Q. J. G. S. May, IHUl, vol. xi.vii.) 

Although tlie southern half of Korea may be looked upon as a ilis- 
tinctly hilly country, there are no mounUuns exceeding 3,000 to 4,000 
feet in hight, and these are for the most part rounded hummocks bound- 
ing rice growing valleys and plains. 

Thf* rocks building up these hills are chielly members of the group 
of crystalline schists and gneisses, with gmphite, garnet, diohroite, and 
tiuor (H-curriug in considerable abundance: and the whole group forms 
jirobably a part of the great mass of Archaean rocks of northeastern 
China, so well known through the descriptions of Von Bichthofen. 
Stnitllied rocks of various kinds (shales, sandstoaes, grits and conglomer- 
ati*s I lie unconfornuibly cm the schists in the southeastern part of the 
]i(>ninsula and are probably of Carl)onlferous age. 

Through the crystalline schists and stratified rocks various igneous rocks 
hav»' biM'U (•ru])ted, ami are now exposed as ])roje(ling dykes, or in large 
niasse<!, as bare, rounded hills and mountains. Amongst the results of 
ign(M)us action granite is tlio most couspicious rock. Biotite and musco 
vite granites are m(>st widely distributed, an<l in ))laces are cut by 
<lykes of eurite (or "felstone," ) and veins of ({uartz and pegmatite. The 
more basic class of rocks is represented by diorites, propylltes, ande 
sites, bnssilts, dolerites and gabbros. Interesting ca-nes of the gradual 
pas-iuue bi'twcon tin* so-called intermediate and basic rocks are found, 
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>iU(l various stuges iu the dcvitriflcation and decomposition of an- 
<lo8iti(* lavas are represented. Tliere are now ao active volcanoes^ 
neither are tliere any kaown records of the occurrence of earth - 
4]uaice8. The only manifestation of the present activity of the inter- 
nal forces (consists in the warm springs occurring in various parts of 
The peninsula. There is a notable lack of mineral wealth in the south- 
ern part of Korea. 

DvHfi'iptifnt of a n'limrhihli' iie^r Griiiin mid apcclrs of Brachio^od ; Hy 
H. P. WiiiTFrBLD. ( Trans. Amer. Ins. M. E. vol. xrx, pp. 104-107, plute,) 

S('ttphiocn4ia bofirifuHis «ren. et sp. nov. VVhitfteld. This uew brachio 
pod was collected by T)r. Arthur F. Wendt from the Devonian of Bolivia. 
Sraphiom'lut belon«j:s to the Terebratulida'. IJoth valves are plicated, the 
ventnil being strongly convex, the dorssil sulcated, longitudinally and 
auu;uiarly. The internal ventral has a strong, deep triangular byssal 
o})ening and muscular scar; dorsal strong crural processes: the loop 
is unknown. Hhell structure strongly fibrous, without any punctie 
under a hand magnifier. The type is three and a half inches long and 
two inches wide. 

Thi Po1oHi„ IMlritt^ Sifter JHntrirt : My \\w\\\:\\ F. VVkndt. (Trans. 
Amer. Ins. M. E. vol. xix, pp. 74-104.) 

This paper is an exhaustive re])ort on the mining, metallurgy, geol- 
^)gy, etc., of this famous silver district. The citj* of Potosi is imilt on 
the very terminus of the glacial drift where it covers the Jurassic. The 
principal mines near the city are in a dyke of rhyolite, which is perhaps 
;\ mile wide and bounded on the east and west by the Tertiary. The 
nortliern ends of the veins strike into the Jurassic rocks. The author is 
of the opinion that these veins are very modern and were still in course 
•if deposition during the glacial period of Bolivia. Further, he "would 
not be surprised if, on further careful study, it should be determined 
That the age of many silver <1eposits of the North and South American 
<'outinent8 is as uuxlern as the advent of man.*' 

FohhU llotfitiff; Hy 11. (Ikak zr Som's-LAirBAcu. English translation 
by IIbnuv E. F. Gauusev. Revised by Isa-ac B. BA.iiKoUK. Oxford, ('lar 
nndon Press, I85U, pp. VII and 41)1. ( Xew York: Macmillan & Co.) 

Had it been tlie intention of the authors of this book to have it used 
His a text book, we shouhl feel obliged to condemn any such use, on ac- 
r'ount of the lack of suilicienl illustrations, so essential now-a-days t<» 
The successful use of a text book. " Fossil Botimy " contains less than 
tiftv illustrations, wlN'reas a text book should have no hnn number than 
•me-half its number of pages. However, the authors make no such 
claim, their ol>ject being to make it an *' Introduction to paheophytology, 
from the stand [»oint of the botanist 7* It is supposed to meet the re- 
t|uirements of the botanist. This work on palieobotany seems to be the 
first so far Issued in which the botanist tinds himself superior to the 
paheobotanist, and although a *' Fossil Botany," pahvobotany in it he- 
-•otnes a seccmdarv consideration. 




FomH lt('»iim; By Glaubnce Lowk and Hknuv Booth, 2s ew York, X. 
D. 0. Hodges, 1891, pi>. XVI jind 11«.— 4 plates. 

Messrs. Lown and Booth have ma<le a verj' creditable compilation o( 
the literature of this subject. They cite and describe eight autlioritie# 
from 181G to 1870. They have apparently- collected all tlie available 
literature and one is surprised with the result; a score or so of papereanU 
lut iiwrc. It seems almost incredible that so fascinating a subject should 
have received so small a share of attention. The lack of material may 
no doubt be responsible for this. The typography of the hook is ex- 
ceedingly bad. 

(reoloffin/f E.i-rti I'Miontt ; 18(50-1890. London, Kdwarh Staxkori>, IHJ»1. 
pp. 571, fig. in text 

This valuable book, " A Record of Excursions of the English 6e<»l 
ogists' Association made between 18(50-1890," is ably edited by Mew^. 
Tuos. V. Holmes, F. G. S., and C. Da vies SiiEunouK, F. G. S. Tht- 
membership of this association is not only composed of pn»fe!j8ional 
geologists but also of all i)ersou8 who find pleasure in the various f\- 
cursions which the Association takes year by year for the pur|K»e of 
studying some section of country under the guidance of some lo<-al pro- 
fessional geologist. The present work is one descriptive of theflc various' 
excursions and contains a brief account of the gec*logy of each place visited, 

Xetr nthicrnhfrom the Strpintiiw /irff at Ennttni^ Ptt.: By JoiiS KvKK- 
MAN. (Acad. Natl. Sci., Phlla. Oct. 3«, 1891.) 

The author announces the discovery of a numl>er of minerals froni the 
line of contact between the Serpentine rocks and the Calciferoiis i ^ 
limestone near Easton, Penn. Ten minerals not heretofore known fn»ni 
this locality are described, of which topaz, hydromagnesite, chalcopy 
rite and graphite are the most important. 
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IV. h\mrpti* II mi IniUeidtml PHhlintUuHM. 

From .Japan to Granada: Sketches of Observation and ln<iulry m » 
Tour Round the World in 18H7-8. By J. If. Chapin. New Vork, 1^ 

A Memorial Address on the Life and Services of Alexander Wliioh*""- 
By M. W. Harrington. Publish^nl by the V niversity of Michigan. 1*^^* 

Stones for Building and l)<'Coration. IJy George P. Merrill. ^*'* 
York, 1891. 

A Sket(jh of the Physical (Jeography of Iowa, by R. E. i\\\. ^''''" 
Ann. Rcji. Iowa Weather and Crop Service for 18!H). 



Notes on the Owurrence of Musical Suiid on the Pa<'iflc Coast of the 
United StJites, by H. (\ liolton. Fn»ni Proc. Amor. Assoc. Adv. Sci. Vol. 
XXXIX. 1890. ' 

V. Foft'lyit PiihliafiiouH. 

Bulletins du Ooiuito O^ologique, St. Petersburg, 181M), IX, Xo. 7, con- 
tHins: (Joinpte rendu pr^'diminaire aur les recherches gC'oloafiques dans 
les domaines WerkhuC'-Touriuskaya, Nijnj'-Toutinskaya (»t Bisserskaya, 
|)Hr A. Krasuopolsky: Compte rendu prelirainaire sur les rechercheH 
faites en 1889 dans la partiC* septentrionale du gouvernemeut de Lublin 
et ibms la rC'gion de la ligne du ehemin de fer de Szpola-Umagne dans 
le gouvemement de Kiev. Par A. MIchalski. IX, Xo. 8, contains: Note 
sur les travaux exC'CutC^s par Texpeditiou do Tiniane on 18W, parTli. 
Tschernyscliew; Uecberehes geologiques faiten dans le district de 
Novomskovsk du gouvernement d'Ekaterinoslav et quelques nouvelles 
donates snr les depots tertiares inf<?rieurs du Imssin de la riviore Solenaia 
par N. Sokolov. 

M(^moires du ComitC* (i^^ologique, Vol. IV, No. 2, Allgemeine geolog- 
ische Karte von Uussland. Blatt 188. Geologische rutorsuohungon in 
nordwostlichen Gebiet dieses Blattes von A. ♦Stuckenberg; Vol. V, Xo. 1 ,. 
Carte G<*ologi(iue g<'*nC'rale de la Russie. Penille 57. Moscou; Vol. V, 
No. 5, Depots Carbonif^re.s et Puits ArtC'siens dans la region de Moscou 
par B. Nikitin: Vol. VIII, No. 2. Die Ammoniten der unteren Wolga- 
Stufe, vou A. Micbalski: Vol. X, No. 1, Le Tremblement de Terrede 
Verny, 28 Mai »9 Juin) 1887, par J. V. Mouchketow. . 

Bulletin de la SociC'W'' GC'ologique de France. Paris. lie S<^rie, tome 
XVIII, No. 1, Mars 1890, contains: Le Permien dans rAveyron,laLo7>re, 
le Gard et TArdeche, par M. G. Fabre; Grande faille du Zaghonan et 
ligne prlncipale de dislocation de la Tunisie orientale, par M. G. Hol- 
land; Description du Terrain cr<''tac^» dans une {mrtie de la Basse-Pro- 
vence, par M. Collot. Xo. 2, Mai, 1890, contains: Note sur le Systcine 
oolithique iuferieur du Jura mC'ridional, par M. Attale Kicho; (JC'ologie 
de r Indie Fran(;aiBe, par M. II. I/'veillC*. No. :j, Juin, 1890, contains: 
Note sur une Porphyrite A pyroxene par M. Camuset; Origine de 
rOrographie de la Terre, par M.Tanly: 8ur la prC'sence, dans le I^ang- 
nedoc, de certaines esp^ces de lY'tage e du Silurien supericur de Boheme 
par M. J. Bergeron; Succession des C'ruptions volcaniques dans le Vtday, 
par M. M. lk)ule: Note sur la pr^^senco du Pleuro<li<-tyum problema- 
ticum dans le Devonien de Gabrieres et sur un uouvel hori/on de 
^Traptolites dans le Silurien de Oabriercs, par P. (t. de Rouvillc: Kchini- 
des recueillis dans la province d^Aragon (K8))ague) par M. M. (lourdim, 
par M. Cot^eau: Uemarques sur le nom gC'ncri<|ue d'llipparion par M. A. 
Gaudry: Seconde note sur les IIolothuri<lccs fosslles du C'alcaire Gros- 
sier, par M. Schlumlierger; Note sur la (i('*ologie »le la Tunisie, par M. 
Le Mesle; Sur Tage relatif des Mammifcres de Cernay, i)ar rapport aux 
VertC'br^'S du mOme groupe di^converta en KuroiJe et en Ani(^riquo, 
jiar M. le Dr. Lenioino: Ktude HtratigraiMiitiue et nouvelles recherches 
sur les Mollusques du terrain lacustre inf<^rieur de Provence (Danieu),, 
par M. ('aziot; Note sur los mines de Colar (Indej par M. LC'veillo; Note 
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aur le BarrC'Uiieui de Ctibonne (Drome), par 31. G. Sayii: Sur la iH»itioii 
stratigra])hicxue de Charl)Ous fossils du Pi^'uiont, par M. Fred. S«cco- 
No. 4, Juillet, 1890: Observations sur les dunes littorales de lYpoque 
actuoJle et de lY?poque pliocene en Alg<?rie et en Tunisle, par M. A 
Parran; Sur le fossile d^crit par M. de Zigno sous le nom de ''ABthra 
eotherium Monsvialense," par M. A. Gaudry; Les Dunes maritime? et le» 
Sables littoreaux, par M. le Dr. Labat; Sur la elasailication dee C^'ntitet 
do la Craie, par M. H. Douvillr; Note sur (|uel(iues Bchlnides dutf^min 
•cr<'*tacC* du Mexique, par M. Ot>tteau; Note sur Textensioa des Atteniae- 
ments Mioc^nes de Bordj-BouTra (Alger), par M. ¥^. Ficheur. No.1), 
Aout, 1800: fitude sur les rapports des Mammtf^re8 de la faune Ceraay- 
sienn(i et des Mammil^res cr('*tae<*s d'AmCTique, par M. Lemoine; Note 
sur le p^Tlstome du Phylloreras mediterraneum, par M. E. n8ug;Sur 
♦luelques points de la G^'^ologie de la Tunisie, par M. Aubert; Note sur 
les travertins jI v<5g<''taux de Douvres (Ain), par M. A. Boistel; Etude sur 
la formation de la r^^gion Th(^ziers-Vacqui^res (Gard), par M. Cazlot: De 
la mesure du temps par les pU<^nonl^nes de sMimentation, parM. Ade 
J^apparent; Les Tremblements de Terre, par M. Taniy: Sur une forme 
iiouvelle de trilobite de la fAmille des CalymenidA> (Genre CalymeDella), 
par M. Jules Bergeron: Contribution il IVtude du terrain tertiare d'Al- 
sace et des environs de Mulhouse, par MM. Mieg, Bleicher et Fliche. 
No. (), Septembre, 1890: I^es Terrians jarassiques dans les envirous de 
Tiaret, Frenda ot Sai'da, par M. Welsch; Sur les Terrains phosphates 
■des envirous tie DouUens. Etage Senonien et Terrains 8U|>erpofl^» 
par M. H. Lasne; Monoceros et Parraacella du Pliocf*ne de Mont 
pellier d'apres P. Gervais, par M. Viguier; Les terrains ci^tac^ 
du Seressou occidental et de Lehon, d^*partment d'Oran, Alg^rie, 
par M. J. AVelsch. No. 7, Octobre, 1890: Description des Sy<fnitei» 
u<''ph<?rinique8 de Pouzac (llautes-Pyr^'-nC^es) et de Montri'*al (Canada) et 
de lours })henomenes de contac't, par M. A. Lacroix; Etude de la Faune 
des (.-ouches tithoni(]ues de ^Ard^clle, par M. A. Toucas. No. 8, Decern- 
bre, 1890: D(?couverte de fossiles du Mioi-^ne superieur dans les sable* 
rouges de la foret du Gavre (Loire-InfC*rieure), jiar M. L. Davy: Note sur 
la constitution gcologi(iue des Pyr<'»n<'»es. — Le systeme oambrien^ liar M- 
E. . I acq not. No. !), Aout, 1891: Situation stratigraphique des region* 
volcaui(iues dt» I'Auvergne. par M. A. Michel Jjevy; La Chaine des Puw, 
pur M. A. Mi<*liel Levy: Le Monte-Dore et ses alentours, par M. A 
Michel Levy; Sur les enclaves des trachytes du Monte-l>ore et eupartir- 
ulier sur lours enclaves de roches volcanitpies, par M. A. Lacroix: Note 
Hur les And<^sites A hypersthene du Cautal, par M. A. La* roix: IVpArites 
<lu l/uy do Mur, par M. Paul (iautier: Note sur les Z(^olltes des IJasaltei 
et P<'p<''rite8 du Puy de Dome, par M. F. (Tonnard; Sur les Tufs volcani 
«Iuos de Beaulieu (Bouches-du-Uhone), par M. ('oUot: Basalte de Beau- 
lieu, par M. Dep^Tot; Observation sur les tufs et br^ches basaltiques de 
TAuvergno et du Velay, par M. M. Boule: F^es Anciens (Glaciers de 
TAuvergne, par M. Tardy; Sur la Liniite entre le Plioc^ne et le Quater 
naire, par M. M. Boule: Not<* sur Inge des Basaltes du Velay, par M. M 
Boiile. Tome XIX. No. 1, Jan. 1891. contains: Formations de^ re»aut« 



* 
• lo Tprniin (UtH ruleaux, par M. A. He Lnppareiit; Surquel<|uos FaliiiiH 
Bleiis inconiHis du Department tli»s Lundes, parM. V. Hanliii; Echinideft 

•< 'retttc(?s de.s Pyr(^n<5es Occideii tales, par M. J. Seunes. No. 2, Feb. 1890: 
Description du 'IVrrain (YetacC* dans line partle de la llaHSe-Provence, 

;par M. (^ollot: Lps Terrains d'Alluvion a PondicliC'ry, par M. U. 
LCneille: Sur les Couclies ditea Cretac('' infi^rieiir des environs de 
Souirraigne (Ande), par M. K. .hu-tpiot. No. 8, Mars 1891: IV'sentation 
iTun Memoirs, par M. J. Seunes: Note snr ({aelqnes Questions relatives 

.:! la (4eoio«?ie des (Irottos et des eaux Soiiterralues, par M. L. de Jjaunay 
et M. E. A. M artel; Note Sur le (Tisement Ar;covien de Trept (Ist'^re), par 
M. A. deliia/. No. 4, Avril, 1W)1: Observations sur les Terrains 
•necondaires et les Terrains primaires des (Jorbi^res, par M. J. Houssel; 
fttude sur le bassin PJioerMie de Theziers-Uoqnemaure (Gard), par M. 
Caziot. No. :>, Mai, 1891: Sur le Callovien de TOoest de la France et 
?*ur sa Fainie, par M. A. de (»rossouvre; fetude d'Ensemble sur les dents 
des ManimilT^res Fossiles des environs de Keims, par M. Lemoine. No. 

-<K Ai>ut, 1891: liecberches experimentales snr le role possible des gaz A 
bauten Tenip^-ratures, doa^'s de tres fortes Pressions et AnimC's d'un 
.inouvement fort Uapide, dans divers Ph<'»nom?Mies ^(^ologiciiies, par M. 
OttiibrC'e; (visenients de Phosphate de Chaux des Ilautes-Plateaux de la 
Tunisie, par M. P. Thomas; Uecher<*hes snr quebines ro<*he8 Ophltiqnes 

-«4h sud de ia Tunisia, par M. P. 'I'liomas. 

Zeits<-hrift der Ciesellsthaft fHr Erdkunde zu Berlin. Ujind XXVI, 
JSJU. No. ;», contains: Beitrjlije zur (leoiijaphie Central-Hraslliens, von 
iDr. P. Ehreiireich: Versu<li einer Oroirniphie des Kwen-Inn, von Dr. G. 
\Ve«rener. 

.Jabresb. des Vereins fHr Naturw. zn Hraunsdiweig, fHr 1W7-88 und 
1888-iS9, contains: Die (ieoloirie, Mineralogie und Palflontologie des 

.Merzogthums Braunschweig und der angrenzenden Lundestheile mit 
Inbegriff des Ilarzgebirges, von Dr. J. H. Kloos. 

Verhand. der Resell. fOr Enlkunde zii Berlin, Band XVIil, 1«»1, No. 

'»i, contains: Die Erforschung der obersten S<!dchten der Atniosphflre, 
von Prof. W. Forst4M*. 

Xotizblatt des Vereins fHr Enlk. zu Darmstadt und des mittelrheinis- 

•chen geologischen Vereins. IV F'olge, "Z Heft contains: Das l^hrloch 
der Oebrnder Becker in der Mauerstrasse zu Darmstadt, von B. Lepsius; 

I'eber die fossilen Keste aus dem nutteloligocflncrn Meerassandstein be! 
IFeppenheim an der Bergstrasse, von R. Lepsins; Die Granaten von 

.Aiierl)achan der Bergstrasse, vonE. Moyat; Frittungvon Rotliliegeudeni 
Sandstein in einen Bohrloche, von (-. Chellus: Tebersicht Hber die 

•^ruptiven (Testeine der Section G lessen, von A. Streng. 

Annales de la Soci<'*(c (Jcologique du Nord. Tome XVII, 1H89-1M> coh- 
tuins: Notice explicative d<* la fcuille de Uedon, par M. C'h. Barrots; 
Snr les diabases du Menez-lfom I Finistcre), par M. Cli. Barrois: Les 
Demoiselles de Lihus, par M. J. Gosselet; Excursions geologiques dans 

•♦-nvirous de V^lchy, par 3I» (irounier; Ondulations de la craie de la 
feuille de Cambrai et Kapports de la structure ondulee avec le 8y8t^me 
byclPOgrrtphi<iue de cette carte, par M. L. Cayeux: Feuille de Pontivy, 



par M. Ch. HarroiH; Mcmoire sur la "('raie grirt«*' ilu Xord «le la Franc*', 
|)ar M. L. Cayi'ux; Sur la (•omposition des PhonpliaU'S des onviroiis d«* 
Mons, parM. IF. I.astie; IK^'ouverto de silex tailh's A (iuiC-vy (Xord). 
Note Hiirl(Mir «<:isi*tiient, par M. L. CJayeux; A pn)p<w de la C'iplyte, par 
M. J. Ortlieh; Sur la I'omposltion de la scorie Thomas, d'ap^^8 MM. let? 
Prof. Buokin^i: et I/iiick: Sur le phosphate quatri-calcique et la IJa-sicit^- 
des silicates den Kcortes Tliomai* d'aprf's M. G. H 11 jren stock: Considera- 
tions sur le Bief A silex de TArtois, par M. J. (iosselet; Note sur le 
Micraster Gosscleti espf'ce nouvello de la ('rale blanche des i»nvirous de 
Lille, par M. L. Cayeox; Notes sur le rapport des d^'pots carboniftTes 
russes avec ccux de TOurope (HJcidontjile, j>ar M.Tschernichew; I^'j^ende 
de la Feuille dc Vannes de la carte gC'olo^i(pie de France, par Ch. Bar- 
role; Coup-d'crll sur la composition du Cr(^tac(^ <le8 environs de PC'ronne, 
IJar M. li. Oayeux: Deux excursions dans le HundsrHck et leTaunus, par 
M. J. (vosselet; Etude microj^raphique de la Craie de* environs de Lille. 
I)i^ves A Ino<*eraiuus labiatas, par M. L. (-a\'eux. Aniiales XVfll, 1890: 
Description jrC'ologique «lu (*anton de Trelon, par .M. J. Gronnier: 
Ktude sti-atigraphiipiedu Terrain Quateru^iire du Nord de la France,, 
par M. .1. Liklriere: Carri^'res de V'olvic ( Puy-de-Dome), par Quan^-Hey- 
I)OurlN>ii: LC'^fende de la feuille de ijuiniper de la cane |]^<V>lo^i(iue de 
Fnince, par Cii. Barrois; Kcude strati>]craphi({ue du Terrain quatemalre 
<lu Noni de la Fniuce, par M. J. Lad^i^re: Levon d'ouverture du Courj* 
de Mln<^ralo;fie protease il la FacultC' ties Sciences de Lille, le 21 Nov., 
1890, par M. (losselet. 

The Scientific Proceed in^j:^ of the Royal Dublin Society. Vol. Vl,. 
(N. S.) l*art 10. Dec, IHS)0, contains: Tlei)ort8 on the Zoological Col- 
lections made in Torres Straits by Prof. A. C. Haddon, 18S8-81*: llydrolda 
and Polyzoa, by U. Kirkpatrick. Vol. VII. Part 1, contains: Reports 
on the Zo()lo«cical (Collections made in Torres Straits by Prof. A. C. Haii- 
don, 1888-81): Le])idoptera from Murray Island, by G. H. Carpenter and 
The Land Shells, bv Ed*i:ar A. Smith: On a Frairment of <4arnet Horn- 
fels, by Prof. Sol las. Part 2, contains: A New Si>ecle8 of Tortrix from 
Tuam, by G. IL Carpenter; The Variolite of Cerroyj? (4wladys, Angle- 
sey, l»y K\, A. .L Cole: The Gri«rin of Ortain Marbles: A Susrgestion, by 
Profs. Sollas and (>ole. 

Kurze Uebersicht nieiner llypothese von der geologischen Zeitrech- 
nung, vonA. Blytt. From (Jeol. Foren. F(\rhandl. IW. XII, Haft 1. 
No. 127. 

Results of Rain, Rivi^r and Evaponition. 0!)servations made in New 
South Wales, during 1H8J), by H. C. Russell. 

Annual Report of the Department of Mines of New South Wales, for* 
the vear 1889. 

The Scientific Transactions of the Royal Dublin Society. Vol. IV- 
(N. S.) Part VL Nov, 1S90, contains: On the Fossil Fish of the 
Cretaceous Formations of Scandinavia, by J. W. Davis. Part VII. 
Feb. IHHi <«ontains: Survev of Kishiuir (irouuds, W<'st Coast of Ireland^ 
18U<). I. On the p:irgs and Larva- of Teleosteans, bv E. W. L. Holt. 



Yart VIII, June, 18J>1, coutaius: The Constraction of Telescopic Object- 
"Cllanaes for the Interuational Photographic Survey of the Heavens, by 
H. Grubl). 

Eleventh Annual lleport of the Department of Mines of Now South 
Wales, for the year 189i). 



l^KUSONAL AND SCIENTIFK^ NKWS. 



(iRANi) Falls. Lahka'dok. — MeMsi-s. Kiuisiston and Hryant, 
the explorers who (juito recenth' retunuHl from a trip to Labrador 
announce some aeeunitc metisurements taken at Grand Falls. The 
fall is IIH» feet, or if the rupicis l)e included the descent would be 
500 feet. The width is 200 feet; but on goin<r back half a mile 
the river is from 1200 to 1500 feet wide, jjradually narrowing un- 
til it reaches the falls precipice. After passing over the preci- 
pice the river runs for a distAUt^ of twenty -five to thiity miles 
through a narrow canon, the walls of whi(*h rise to a hight of 
from ;500 to 40(» feet. 

SiLVEK Proditction. — Dr. A. F. Wendt is of the o[)inion that 
notwithstanding all authoritii»s to the contnirv. the aggregate pi-o- 
duction of the Potosi silver mines of Holivi:i has not exceede<l 
1, 000.000. (»00 ounces. 

It is noiBTKi'L if a.ny Amkrica.n kxpkihtion of recent veai-s 
has been so fruitful of good ivsults as that und(»rtakc»n recently 
by Messi*s. Mc(iee, Wanl, and Hill into the southern coastal re- 
gions of Mississippi, Tennessee, Louisiana, Texas, and Mexico; 
the party has returned to Washington with a most valuable col- 
lection of data. In Tenn(»ssee, Mississippi, and Louisiana they 
were accompanied by professors Satford. of Tennessee. Tlilganl. 
of (\ilifornia. Smith, of Alabama, and Holmes, of North Taro- 
lina, who visited all the historic localities, and in the field dis- 
cus.se<l ami harmoni;ced opinions, and devised methods that will 
s<M>n result in a clear elucidation of the Neocene features of the 
Atlantic* and (rulf slope. 

Messi*s. Mc(iee. Ward, and Hill continued the work in Texas 
:in<l Mexico, and obtaine<l a vast store of information I'oncerning 
the geographical. geologi<»al. and lK>tanical ivlations of those re- 
gions of th(» Tnited States. The remarkable orographic d(»velop- 
ment of northcii-stern Mexico was reconnoitred, and the interest- 
ing .lurassic and (V)manche beds visited, proving beyond >dcmbt 
tlM» great devel«)pment of the Lower (^retaceous in that ccmntry. 
Finally tin* 'J'rinity ImmIs of Texas, a great formation hitherto lit- 
tle nppreciated. were visited by Profs. Wanl and Hill, resulting 
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in tlii^ discovery by Prof. Ward of ji inagniticHMit fossil flora wliieli 
has liithoiio Ixhmi unknown in tluit roji^ion. Tiu» wliole ])arty feel 
greatly indebted to Mr. Mo(iee for the able manner in whieli he 
planned and conducted this field symposium, and t<) his accom- 
plished wife, who accompanied the party in even the n)U«:lK»8t 
and most difficult journeys. 

(3kc»lo(JV at tiik Tnivkhsitv of Wisconsin. There have lK»i*n 
an enlar<i;(»nient and a ^^organization of the departments of gcH)!- 
ogy and mineralogy recently at Madison, the wpiipment and teach- 
ing force incr(»as(Hl and the courses recast with reference to the 
prei)aration of professional geologists. The* teaching corps em- 
Imices I*res. T. (\ (MjamlK'rliu, ajid i'rofs. (\ 11. Van Ifise, Uol- 
lin I). Salisbury, and William H. Ifobbs. with collateral assistance 
in chemistry Uv Profs. Daniells and Ilillyer. 

AwAKi) OF TIIK IIaydkn Me.moiiiai. Mkdal. The committiH- 
appointed l>y the Academy of Natural Sciences of Philadelphia to* 
award this medal, met on the !i(>th of October and decided to« 
honor Prof. Kdward D. (*ope for his many and valuable resea re hes- 
in paheontology and gt»ology. 

Prof. N. S. Siialer, of Harvard, ha^ latc^Iy been ap|xrintcHt 
Bean of the Lawrence Scientific School of that univci'sity. iln 
Prof. (Miapliu. resigne<l, 

Mh. W. J. Baldwin, an instructor in the .Michigan Mining 
Sch(K)l, has been ap[M>inted professor of mining (engineering at the 
University of Illinois. 

W. R. AiMM.Kiiv, of New York, has been appointed mining en- 
gineer in the school of mines in the rniversity of 31innc»sota. 

Mr. Amos K. Woodward, of Somerville, Ma>ss.. a young geol- 
ogist of much promise, <lied. after a short illness, of pneumcmia.. 
at (^istle, Montana. September IHth, age<l 2t» years. He was en- 
gaged last yc^ar on the iieological Survey of Missouri, and his 
most importajit publisiied work appears in Ihdletin No. !S of that 
Survey, issued last I)(H'emlK»r. on "The Mineral Waters of IFenry„ 
St. (Mair, .Johnson ami Hent<m (Nninties. * lU^sides the descrip- 
tive text, this report gives twelve analyses of Missouri waten*. 
each of which wjis (N)ndu(*t.ed in (iuplicate. 

Prof. J. F. Wilmaais, of CV)RNKLl rNiyF.RsiTV, diedat Ithaca.. 
\. Y., on Nov, S, of malarial fever, the g(»rms of which he 
bmught from the malarial regions of Arkansas. His age was 20* 
years. His report on the pt^ti*ography of the crystalline rocks of 
Arkansas is s<M>n to be pu})lished by tlu» state survey. A mon» 
extemled sketch of him will appear in a subse(pUMit number of 

the (iKOLOOIHT. 

Prof. V. S. Wilkinscjn, tiik CJoyKRX.MK.vr (ikomkust of New 
South Wak»s. died at Sy<bu\y the 'ivinl of August, at the age of 41" 
years. 

Prof. P. Hkuhkrt C'ARrKNTKK. of Kton ('om.kgk, Kngland.. 
died Oct. 21. 1S!H. at the age of a9 years. 
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